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The Use of Cloud Chambers with Pulsed Accelerators 


Evans Hayward? 


Radiation Laboratory, University of California, Berkeley. 


S LONG AS physicists have been studying 
charged particles, they have been develop- 
ing new instruments to detect them or 
adapting the old ones to new circumstances. 

Although the Wilson cloud chamber (5, 7) is one of 
the oldest such devices, it is still being used exten- 
sively, especially in cosmie ray experiments and more 
recently in experiments in connection with high energy 
particle accelerators. 

A cloud chamber is a machine that makes visible, 
and therefore enables one to photograph, the paths of 
charged particles: electrons, pretons, mesons, ete. 
The chamber itself consists of a closed volume of gas 
saturated with a vapor. If the volume of the chamber 
is suddenly inereased, droplets of the vapor will eon- 
dense on the ions that any charged particle leaves be- 
hind as it passes through the gas. Immediately fol- 
lowing the expansion, the chamber is illuminated by 
the flash of a very intense light and a camera then 
records the number and position of the drops, each 
one representing an ion produced during the flight of 
a charged particle and the whole group forming a trail 
that tells part of the particle’s history. 

The quantities that are most often measured with a 
cloud chamber are the ionization produced by a par- 
ticle in going through the gas, its range, or its deflee- 
tion by a magnetic field. The measurement of these 
quantities may serve simply to reveal the velocity, 
energy, or momentum of the particle or, if the identity 
of the particle is unknown, to determine its mass and 
charge. 

As a charged particle traverses matter, it loses 
energy by ionization of the surrounding atoms, and 
as it does so, its velocity decreases so that it spends 
more time in any given region and hence produces 
more ion pairs per centimeter as it nears the end of 
its range. Since the energy loss varies with the density 
of the medium, a charged particle loses more energy 
per unit length of path in lead than in air. But for a 
given kind of particle (electrons excepted) moving in a 
given material, there is a unique relationship between 

1T wish to thank Doctors Baldwin, Gaerttner, Koch, and 
Kruger for their courtesy in allowing me to include ex- 
amples of their photographs. The previously unpublished 
pictures from Berkeley were taken by W. D. Hartsough, 


W. M. Powell, and the author under the auspices of the 
Atomie Energy Commission. 


its energy and both its range and its rate of energy 
loss by ionization. The ionization produced by a 
particle in traversing the gas of a cloud chamber may 
be measured by allowing the ions to diffuse before the 
expansion so that the droplets that condense on them 
are separated and ean be counted. More often the 
density of a sharp track is observed and used as a 
qualitative indication of the ionization. The range 
of a low energy particle may be determined from the 
length of track it makes in the cloud chamber; the 
range of a more energetic particle may be obtained 
from the number and thickness of solid absorbers 
required to stop it. 

Further, if a particle is moving in and perpendicu- 
lar to the direction of a magnetie field, it experiences 
a force that is directed at right angles to the direction 
of both the field and the velocity of the particle. As 
a result the particle moves in a circle the radius of 
which is proportional to its momentum. Cloud cham- 
bers are therefore very often placed in magnetie fields 
so that curvature measurements may be made. It is 
desirable (although expensive) to have a magnetie 
field large in magnitude as well as extent, so that the 
deflection will be appreciable over a measurable 
length of track. In addition, it is necessary to make 
certain that the curvature of the track is produced by 
the foree of the magnetic field on the particle and 
neither by the multiple scattering of the particle by the 
atoms of the gas nor by the distortion of the track by 
mechanical motions of the gas. 


APPLICATION TO PtLsED ACCELERATORS 


In the last few years, cloud chambers have been 
used in connection with pulsed accelerators. It is the 
purpose of this paper to discuss some of the special 
techniques that may be applied under these eireum- 
stances and to point out their advantages (as well as 
their disadvantages) in comparison with cloud cham- 
ber techniques for, say, investigating cosmic rays. 

To date, cloud chambers have been successfully op- 
erated in the x-ray beams from synchrotrons or beta- 
trons and in the neutron beams from eyelotrons. An 
x-ray beam may be obtained from a betatron or syn- 
chrotron by allowing the circulating electron beam to 
strike an internal target. The electrons radiate and 
a beam is obtained which consists of quanta of all 
energies up to the energy of the electrons. Cyclotrons 
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usually accelerate either deuterons or protons and by 
allowing these particles to strike a target a beam of 
neutrons may be obtained. In either ease, the result- 
ant beam is one that does not directly produce many 
ions, but in its interaction with matter, secondary par- 
ticles are produced which do ionize heavily. This is 
an ideal situation for a cloud chamber. If a cloud 
chamber is placed in an x-ray or neutron beam, sev- 
eral thousand quanta or neutrons may traverse the 
chamber but only those that interact with matter will 
be detected. 

The most striking feature of using a cloud cham- 
ber with an accelerator is that the experimenter is able 
to control the time at which the pulse from the accel- 
erator will arrive. If the curvature in a magnetic 
field is to be measured, the tracks should be distortion- 
free and as narrow as possible. It is, therefore, de- 
sirable to introduce the pulse at the end of the expan- 
sion after the gas stops moving but before thermal 
gradients between the gas and the chamber walls can 
produce convection currents. Distortions are thus 
minimized and the tracks are very sharp, since the 
ions do not have a chance to diffuse before the liquid 
is condensed on them, It should be pointed out that 
the opposite situation obtains in the most familiar 
type of cosmic ray experiment, where the cloud cham- 
her is expanded by the pulse from a Geiger counter 
after the particle has gone through it. Any irregu- 
larities in the motion of the gas during the expansion 
are then superimposed on the track, and in addition 
che ions diffuse slightly between the time of passage of 
the particle and the time that they become laden with 
water. 

The fact that the experimenter can control the time 
of arrival of the pulse is a great asset as far as the 
design of the magnet is concerned. The magnet does 
not have to be on all the time, but can be pulsed and 
synchronized with the cloud chamber eycle so that the 
field is at a maximum when the particles go through 
the chamber. This serves to minimize the heating of 
the magnet and as a result high currents may be used 
during the magnet pulse. 

In ordinary cloud chamber operation an electric 
field is applied to remove ions between expansions 
and is then shorted out just before the fast expansion. 
Following the fast expansion the droplets fall toward 
the bottom of the chamber, although some of them 
evaporate en route. Those that exaporate remain 
floating around in the gas, since they are still too large 
to be removed by the clearing field; they would then 
be nuclei for condensation of vapor in the next ex- 
pansion. Usually they are dissipated by one or more 
slow expansions, during which vapor is again eon- 
densed on them and they fall out. Slow expansions 
are extremely time-consuming, since after each expan- 


Fig. 1. 


sion the chamber gas must be allowed to come to the 
temperature of the walls. Gaerttner and Yeater (6) 
have very effectively eliminated the need for slow ex- 
pansions. They “overcompress” the cloud chamber 
right after the photograph is taken; in this way the 
gas is heated up and the charged drops evaporate so 
that they are light enough for a strong clearing field 
to remove them. This technique has been developed 
to such an extent that photographs may be taken at 
the rate of one every five seconds. Since the usual 
time of a cloud chamber eyele is a minute or more, 
this development appears to be a real advance for 
those experiments that combine the use of a cloud 
chamber with an accelerator. 

Illustrations. To illustrate the work that has been 
done to date, I have tried to collect examples of the 
different phenomena that have been observed with 


3 ; 
| 
| 


April 7, 1950, Vol. 111 


SCIENCE 


351 


pulsed accelerators. The first eight pictures show 
events produced by neutrons (3, 4, 8, 11) and the last 
four, events produced by x-rays (1, 2, 9, 10). Each 
photograph represents events that follow a single 
pulse from the accelerator; each one shows the result 
of several hundreds or even thousands of traversals 
of the chamber by neutrons or photons. 

Fig. 1—We want to study the events that result 
from the collisions that very energetic particles make 
with atomic nuclei. This photograph shows six nu- 
clear disintegrations or stars produced when a single 
pulse of the 90-Mev neutrons (about 30,000 neutrons) 
from the Berkeley cyclotron traversed the cloud cham- 
ber. The chamber was filled with hydrogen and satu- 
rated with a mixture of alcohol and water vapor. 
Since the hydrogen nucleus consists merely of a single 
proton, its collision with a neutron would yield a 
single detectable fragment. The events in this pic- 
ture must, therefore, represent the complete breakup 
of the carbon and oxygen nuc'ei present in the vapor. 
The most common isotopes of carbon and oxygen have 
nuclei consisting of equal numbers of protons and 
neutrons, six and eight respectively. Since a neutron 
bears no charge, it produces no ions and hence leaves 
no trace in a cloud chamber. This is unfortunate. 
It means that at least one fragment in most disinte- 
grations is unaccounted for; since the observations are 
made on the charged components only, the interpreta- 
tion is usually difficult and often impossible. In the 
photograph there are six stars, and starting from the 
top they have three, four, five, two, three, and four 
prongs. The first thing to notice is that the tracks 
are all bent into ares of circles; this is, of course. the 
result of the force of a magnetic field on a moving 
charged particle. Sinee all of the particles are posi- 
tively charged, they are curved in the same sense, 
clockwise. Notice how the heavier tracks steer a 
rather irregular course near the end of their range. 
Since they are moving rather slowly and are multiply 
charged, the collisions that they suffer with the nuclei 
of the gas are important enough to eause large deflec- 
tions. Curvature measurements on these tracks are, 
therefore, not meaningful. The fine tracks are most 
certainly those of singly charged fragments and are 
probably protons. The fourth star is the most com- 
mon type; it consists of one very fast proton track 
projected forward and a small blob of ionization pro- 
duced by the recoiling nucleus. The last star at the 
bottom of the picture is made up of four doubly 
charged particles. In order to have eight charges 
in the first place, it must have been an oxygen nucleus 
and it is quite likely that all four fragments are alpha 
particles, since the alpha particle (two protons and 
two neutrons stuck together) is one of the more stable 
configurations. These stars are at least consistent 


with the idea that the fast neutron strikes the nucleus, 
projecting forward one fast particle and leaving the 
nucleus excited so that in a very short time it explodes, 
sending lower energy particles in every direction. 
When a fast particle is not observed moving forward, 
it may mean that the fast particle is really a neutron, 
which makes no cloud chamber track. 

Fig. 2 is taken from a study (4) of the fast par- 


Fic. 2. 
ticles that are projected forward when an energetie 
neutron strikes a nucleus. Instead of using the cham- 
ber gas as a target, the neutrons were allowed to strike 
a small piece of carbon placed within the cloud cham- 
ber. Many particles emanated from the target and 
some of them stayed in the plane of the cloud chamber 
long enough to pass through a glass absorber across a 
diameter of the chamber. The purpose of the ab- 
sorber was to help in the identification of the par- 
ticles; for a mere curvature measurement tells only 
the momentum, but if the curvature of a particle ean 
be measured on two sides of an absorber of known 
thickness, then its mass may be determined at least 
well enough to identify the particle. The two tracks 
indicated by the arrows have almost the same radii as 
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they leave the target, but on the far side of the ab- 
sorber, one has a much smaller radius and an obvious 
inerease in ionization. The other shows no apparent 
change in either. The first is a deuteron and the 
second, a proton. 

Fig. 3 is a photograph from the data of an experi- 
ment (3) to determine the angular distribution of the 
protons that are scattered in elastic collisions with 
90-Mev neutrons. Scattering experiments of this type 
give important information about the interactions be- 
tween elementary particles. Here we see the tracks of 
six such protons that begin in the gas (H,) after 
having been struck by an invisible but energetic neu- 
tron. The energy of the neutron may be obtained by 
applying the laws of elastic collisions and by simply 
measuring the curvature of the proton track and the 
angle it makes with the direction of the neutron beam. 

Fig. 4 is from the data of a similar experiment (11) 
that used the 13-Mev neutrons from the Illinois eyelo- 
tron. Here the chamber was filled with CH, to 22 
atmospheres, so that the knock-on protons would both 
start and stop in the gas. Since their energies could 
be obtained from their ranges, no magnetic field was 
necessary. 

Mesons are the particles newest to nuclear physies. 
The term meson includes all the particles having 
masses between those of the electron and proton; we 
are now quite familiar with two kinds, x mesons and 
u mesons. The x mesons have a mass of 276 electron 


‘masses, bear both positive and negative charges, and 


interact very strongly with nuclei. They have at- 
tracted a great deal of interest because they are sup- 
posed to be responsible for the forces that hold nuclei 
together. A meson may be ejected in a collision in 
which there is available an amount of energy equiva- 
lent to its mass; it will be one of the fragments from 
a star produced by a very energetic particle. Fig. 5 
is a photograph of just such an event. It was taken 
in the neutron beam that is produced when the 350- 
Mey protons of the Berkeley cyclotron strike a target. 
We have here a four-pronged star, the disintegration 
of an argon nucleus, in which one of the fragments 
is deflected by the magnetic field in the direction op- 
posite to the others. It must therefore have a nega- 
tive charge. This is believed to be an example of the 


Fie. 4. 


production of a negative x meson; its energy is 60 
Mey. Though we cannot measure the ionization of 
this track, its density is certainly consistent with such 
an explanation. 

When a positive x meson comes to rest, it decays 
into a « meson (210 electron masses) plus some neutral 
particle. The » meson that is produced always has 
‘an‘energy of 4 Mev and when it stops it decays into 
an electron and two neutrinos. The energy contained 
in the mass of the.u meson is divided between the rest 
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energies and kinetic energies of the three particles. 
The conservation laws impose the condition that the 
maximum energy available to the electron is 55 Mev, 
although it may have any energy smaller than this. 
Fig. 6 shows a x meson that enters an absorber and 
decays. It has been identified as a x meson because 
it has the appropriate curvature and ionization for 
one that could stop in the absorber; a u meson of the 
same curvature would get through. The u meson, 
which is its decay product, also stops in the absorber 
and the track of the electron that results from its 
decay is the small, faint circle in the corner of the 
cloud chamber. 


Fig. 5. 


When a negative x meson stops in matter, it is cap- 
tured by a nucleus; the nucleus is thus supplied with 
some extra energy which causes it to break up. Fig. 7 
shows the track of a negative x meson, which shows 
a decrease in radius of curvature as its ionization in- 
creases until it finally stops and is captured by an 
argon nucleus. This star consists of a single prong 
produced by the recoiling nucleus; presumably neu- 
trons are emitted as well. Fic. 7. 
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Fig. 8 is included to demonstrate how a low energy 
meson may be identified from its curvature and ioniza- 
tion against a rather high background of heavy nuclear 
fragments. It shows a density of ionization much 
greater than that of an electron and yet it cannot be 
a proton because protons always stop before they can 


Fic. 9. 


be wound up into such small circles. It is a meson, 
but it would be impossible to say whether it is a x 
or aL. 

It is important to study how mesons are made, the 
characteristics of their decay, and how they interact 
with various nuclei. Physicists are hard at work try- 
ing to make observations on them. Figs. 5, 6, and 7 
are the best cloud chamber pictures of artificial mesons 
that have been taken to date and Fig. 8 shows why 
there aren’t any more. 

The beams of photons from betatrons and synchro- 
trons are produced when the circulating electron beam 
strikes an internal target. The electrons are deceler- 
ated in the fields of the nuclei of the target material, 
and as a result, photons are emitted; these photons 
may have any energy up to the full energy of the incei- 
dent electron. The beam thus consists of a continuous 
spectrum of x-ray energies. 


Fic. 10. 

Now if a photon has energy greater than about one 
million electron volts (Mev), it is capable of produc- 
ing an electron-positron pair when it passes near a 
nucleus. Approximately one Mev is used up in pro- 
ducing the pair, and the remaining energy goes into 
the kinetic energy of the positron and electron. Fig. 9 
shows an example of pair production. This photo- 
graph was taken of the aforementioned “overcompres- 
sion” chamber in the x-ray beam from the 100-Mev 
betatron at the General Electric Research Laboratory. 
The materializer is a lead plate oriented perpendicu- 
lar to the beam direction. The electron and positron 
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curve away from each other in the magnetic field. 
The energy of the incident photon has been deter- 
mined from their radii of curvature to be 25 Mev. 
Fig. 10 is a similar photograph taken in an experi- 
ment (10) to determine the energy spectrum of the 
photons from the 20-Mev betatron at the University 
of Illinois. The pair represented here was produced 
in the gas, in the field of an argon nucleus. The low 
energy electrons do not bend into smooth eurves be- 
cause they are scattered rather badly by the gas. 

If the electron or positron continues through a 
medium of heavy nuclei, it will radiate quanta and 
these quanta will make more pairs and so on until 
the average energy of the electrons and photons is so 
low that they cannot radiate and produce pairs as 
efficiently as they can lose energy by other means. 
Then the electrons are absorbed by ionization and the 
photons by their collisions with electrons which are 
in turn absorbed by ionization. 


Fig. 12. 


The best way to observe this so-called shower is to 
place a series of lead plates in a cloud chamber in the 
x-ray beam. See Fig.11. This cloud chamber was in 
the beam that is produced when the 335-Mev electrons 
of the Berkeley synchrotron strike an internal target. 
The shower is due to the several hundred photons that 
are contained in a single pulse from the synchrotron. 
The photograph shows how the number of electrons 
increases rapidly with thickness up to a maximum 
under the fourth lead plate (they are each 4 inch 
thick) and after that the number decreases slowly as 
the lower energy electrons are absorbed. Notice how 
the low energy electrons scatter in the gas (argon). 

Fig. 12 (2) shows a star produced by a photon from 
the 100-Mev betatron. It is analogous to those made 
by high energy neutrons but a much rarer event. This 
particular star is probably the disintegration of a 
nitrogen nucleus, since the chamber was filled with air. 
Notice the large numbers of electrons and positrons 
that make up the background; their presence is suffi- 
cient to show that a photon is much more likely to 
make a pair than a nuclear disintegration. 
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Cyanide Protection against X-Irradiation 


Z. M. Bacq, A. Herve, J. Lecomte and P. Fischer 


Laboratoires de Pathologie Générale et de Radiologie, 
University of Liége, Belgium 


The recent report of Patt et al. in Science (15), show- 
ing a cysteine protection against x-irradiation, increases 
the interest of our observations on a similar protection by 
cyanide, reported March 26, 1949 at the Société Belge de 
Biologie (5 and 6). 

Recent papers by French and English physical chemists 
showing the presence of hydrogen peroxide in irradiated 
water suggested experiments -on freg’s isolated rectus 
abdominis (7, 14). This muscle, irradiated with thera- 
peutic doses of x-rays or dipped in a solution containing 
P,;* in form of phosphate, showed when stimulated with 
KCl a contracture very similar to that observed by Bacq 
(1, 2) after the action of H,O.. 

Dustin and Gompel (10) injected hydrogen peroxide 
intraperitoneally in mice and showed that it was a radio- 
mimetic poison. These observations were in agreement 
with our general ideas on the actions of oxidizing agents 
as ‘‘thioloprive’’ substances (3, 4). Frederic (12) has 
shown that the —SH groups disappear in the skin of the 
guinea pig after x-ray irradiation. 

Two of us (13) succeeded with the semicarbazone of 
adrenochrome (Adrénoxyl Labaz), which inereases eapil- 
lary resistance in inhibiting the x-ray purpura in mice; 
but this substance does not change the mortality. Field 
and Rekers (11) with flavonids possessing vitamin P ac- 
tion, succeeded in decreasing x-ray mortality. 

Striking results have been obtained with sodium (or 
potassium) cyanide. Our technique was as follows. Mice 
of pure breed (C 57 black or A.K.A.), weighing about 30 
g and 4 to 6 months old, were irradiated by groups of 
10, using 230 kv, 12 ma, copper filter 0.25 mm, focal dis- 
tance 50 em, field 100 cm’, mean output 30 r per min. 
The 42 control mice receiving 500 r to 600 r all died be- 
tween the 4th and the 8th or 9th day. Animals receiving 
0.1 mg NaCN just before similar irradiation showed 50% 
to 80% survival. The same dose of NaCN given immedi- 
ately after irradiation only delayed mortality. When 
the cyanide was injected 15 min after irradiation, the 
mortality curve was exactly the same as that of the con- 
trols (Fig. 1). A statistical analysis does not seem nec- 
essary to show that these results are highly significant. 
Our conclusions are based on the observation of 11 groups 
of 10 mice each. Cyanide is rapidly detoxicated in —SCN 
by an enzymatic system localized in the liver, but NaSCN 
either has no effect or shortens the survival period of 
irradiated mice. Thus it is the CN~- anion that is respon- 
sible for this protective action. We have not yet collected 
the various facts that would allow us to give a reasonable 
interpretation of this action of cyanide, but several pos- 
sibilities may be discussed in the light of the similar 
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successful experience of Patt et al. with cysteine. 

Cyanide reduces disulfide bonds (—S—-S—) to sulfhy- 
dryl groups —SH. We do not believe, however, that the 
dose of cyanide injected is sufficient to give an effective 
reducing concentration; maximal tolerated amount of 
BAL (1.7 mg) injected in mice before irradiation only 
delays mortality; there is no permanent survival. One 
may suspect that the interpretation of the results of Patt 
et al. is not as simple as it seems at first sight, because 
preliminary experiments have shown in our laboratory 
that the level of reduced glutathione in blood and tissues 
(liver, kidney, heart, and muscle) of mice is not lowered 
after lethal irradiation. The failure of cyanide or eys- 
teine to act when given after irradiation shows that the 
biochemical lesion in vivo is not as easily reversible as 
—SH enzyme inactivation in vitro (8, 9). 

Cyanide might simply reduce temporarily the metabolic 
activity of the animal. It is known that there is a cer- 
tain parallelism between total metabolism and radiosen- 
sitivity: an inerease of metabolism is associated with in- 
creased sensitivity, whereas relative resistance is observed 
with anoxic tissues. 

Cyanide might also inhibit some heavy metal enzyme 
responsible for the rapid disposal of H.O., thus decreas- 
ing the rate of reaction of this peroxide with some re- 
ducing substanee in the tissues. Experiments are in 
progress to test these various possible interpretations. 

Thus, we may conclude that cyanide, but not thiocy- 
anate, protects a significant percentage of mice irradiated 
by a lethal dose of x-rays, that this poison is ineffective 
when given after irradiation, and that many more experi- 
ments are needed in order to be able to give a correct 
interpretation of these facts. 
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Serological Relationships between Nucleus, 
Cytoplasm, and Cytoplasmic Products 

and the Concept of 

Complementary Molecules 


A. Mandel Schechtman and Toshiko Nishihara 


Department of Zoology, University of California, 
Los Angeles, California 


The concept of antibodies as units complementary to 
their antigens was originated by Breinl and Haurowitz 
(2). Pauling (10) has developed the idea of antibody 
specificity as resulting from the folding of initially 
stretched-out polypeptide chains over limited regions of 
the antigen. The molecules thus folded into specifie con- 
figurations become stabilized by bonds acting between 
their folds, and thereafter ‘‘fit’’ the specifie regions of 
the antigen. Such complementary molecules (antibodies) 
ean subsequently combine with their antigens, since the 
configurations permit the very close juxtaposition of com- 
bining groups necessary for bonding. The hypothesis 
does not neglect the role of chemical composition in 
specificity, for the nature and arrangement of the residues 
will determine the type of folding possible at various 
points along the polypeptide chain. Nevertheless, chem- 
ical composition provides only the potentialities for spec- 
ificity or a limited degree of specificity, the maximal 
degree being achieved by the folding process. 

The possibility of applyimg the concept of comple- 
mentariness to the more general problem of specificity 
in biological synthesis has been broached in several recent 
discussions (4, 11, 13). As Tyler (12, p. 13) has stated, 

Any of the macromolecular constituents synthesized in a 
cell would be complementary to the substances comprising 
the sites of synthesis. Since growth consists primarily in 
the formation of such substances that comprise the integral 
structure of the cell, we may regard the mechanism of the 


process of growth to be essentially analogous to that mani- 
fested in antibody formation. 


The liver offers favorable material for the testing of 
this hypothesis, since the three broad elements in the 
chain of synthesis (nucleus, cytoplasm, cytoplasmic prod- 
ucts) are readily available. If (1) nuclear constituents 
are the prime determiners of cytoplasmic activity, as 
ample evidence from classical and biochemical genetics 


would indicate, and (2) the cytoplasm is in turn a site 
of synthesis, then we might expect the complementary 
relationships diagramed in Fig. 1. Nuclear constituents 
(perhaps highly polymerized nucleohistones) serve as 
templates (N,) for the synthesis of complementary cyto- 
plasmic constituents, some of which act as templates (C,) 
for the synthesis of cytoplasmic products (P,), which in 
the present instance would be the serum proteins of 
hepatie origin. Omitting from consideration many ob- 
vious complicating factors (intermediate products, me- 
tabolic modifications, ete.), we should expect the serum 
products to have configurations resembling, although not 
perhaps exactly duplicating, the original nuclear tem- 
plates. Furthermore, if antibodies contain configurations 
complementary: to’ limited regions of the antigens, we may 
expect the general antibody-antigen relationships shown 
in Fig. 1. As indicated by the arrows, antinuclear bodies 
should react maximally with nuclear material and serum, 
while antiserum bodies should react maximally with 
nuclear and serum constituents. This is not what would 
be predicted on the basis of chemical composition; eyto- 
plasm and serum certainly show a greater over-all chem- 
ieal resemblance to one another than do nucleus and 
serum. 

Rat liver nuclei and eytoplasm were separated by the 
Dounce method (3), using M/475 ecitrie acid in the first 
step and distilled water at pH 5-7 thereafter. The in- 
jection of whole nuclei into rabbits indicated a low degree 


ANTIBODIES --- 
Anti-nuciear ti-cytoplasm 
ANTIGENS -- 
Ny 
© jasmic 


Fic. 1. Schema showing postulated complementary con- 
figurations of macromolecules of nucleus (N:), cytoplasm 
(C1), and cytoplasmic products (P:). Portions of molecular 
chain represented by coiled lines. The arrows indicate ex- 
pected maximal cross reactions between antibodies and an- 
tigens. 
of antigenicity ; hence the nuclei were treated with 10% 
NaCl solution to extract the nucleohistone (9) and make 
it available to the antibody-forming mechanism. All steps 
in the isolation and extraction procedures were carried 
out in the cold (6° C or below). The whole nuclei in 
10% NaCl, alone or mixed with swine serum as adjuvant, 
were dialyzed first against water and then against physio- 
logical saline to remove excess salt and recombine the 
nucleic acid and histone. The products were injected 
intramuscularly and intraperitoneally into New Hamp- 
shire and White Leghorn fowl, and showed clear anti- 
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genicity. The following antigens were each injected into 
two birds, which were bled 8 days after the last injection: 


(A) Nuclei treated as described, with 10% NaCl and 
dialysis. 

(B) Nuelei treated as in (A) and mixed with swine 
serum as adjuvant. 

(C) Defatted nuclei (using cold aleohol-ether, 1: 1) 
suspended in 0.9% saline. 

(D) Rat serum. 

(E) Liver cytoplasm in 0.9% saline. 

(F) Liver cytoplasmic fraction insoluble in 0.9% saline 
but soluble in 10% saline. 


Antisera against these antigens were tested by layer- 


TABLE 1 


Cross REACTIONS OF ANTINUCLEAR AND ANTICYTOPLASMIC 
ANTIGENS AND ANTISERA* 


Antisera versus : 


Test antigens; = 
A; Nuclear extract 

3.0 mg 100 40,006 10 10 100 10 
C: Defatted nu- 

clear extract undi- 

14.6 mg luted 10 10 20,000 10 0 
D; Rat serum§ 1000 40,000 0 40,000 0 0 
EF: Cytoplasm|| 

23.5 mg 10 1000 100 10 100 100 


TABLE 2 


ABSORPTION OF ANTINUCLEAR SERA WITH CYTOPLASM 
AND RaT SERUM* 


Unabsorbed Absorbed 
antisera§ antisera 
+e & 
Test antigens} 3 = 
mg/mlt 
Zz Ze 
2 
~ == 
A: Nuclear extract 100 1000 10 1000 1000 10 
C: Defatted nu- 
clear extract 1000 1000 1000 1000 1000 1000 
D; Rat serum§ 1000 40,000 0 0 0 0 
EF: Cytoplasm|} 10 1000 100 0 0 0 


Note: Footnotes are applicable to all four tables. Con- 
trols, not given in tables, were normal fowl serum layered 
against test antigens and antisera layered against 10% saline. 

* Titers given as reciprocals. 

+ Fraction soluble in 10% saline. 

¢ Solids in mg/ml of undiluted antigen; values given in 
Table 1 apply to corresponding test antigens in all tables. 

§ Rat serum diluted 1:1 with 20% NaCl solution. 

|| Pooled cytoplasm from second and subsequent steps of 
Dounce’s method. 

{ Unabsorbed antisera diluted with 10% saline to cor- 
respond to dilution of absorbed antisera, except in Table 4, 


ing against dilutions of the following test antigens: 

(A,) Nuclear fraction soluble in 10% saline. 

(C,) The 10% saline-soluble fraction from defatted 
nuclei. 

(EF,) Cytoplasmie fraction soluble in 10% saline. 
The antisera were diluted 1:1 with 20% NaCl solu- 
tion, since the test antigen dilutions were prepared with 
10% NaCl. 

Table 1 shows the cross reactions obtained. Antinuclear 
sera reacted with all the test antigens, giving titers which 
conform on the whole with expectations derived from the 
concept of complementariness as here applied. Despite 
the low concentration of the nuclear test antigen (3.0 


TABLE 3 
ABSORPTION OF ANTICYTOPLASMIC SERA WITH 10% 
SOLUBLE NUCLEAR EXTRACTS* 
Antisera ab- 
sorbed with: 
Nuclei, Defatted 
Unabsorbed 10% NaCl nuclei 
Test antigens? action 
mg/mlt 
= = = 
2252 
A: Nuclear extract 100 10 0 0 0 0 
C: Defatted nu- 
clear extract 10 0 0 0 0 0 
D: Rat serum§ 0 0 0 0 0 0 
EF; Cytoplasm| 100 100 100 100 100 100 
TABLE +4 


ABSORPTION OF ANTISERA WITH CHICKEN RED BLOOD CELLS* 


Antisera versus : 


Test antigens? 
mg/mlt 


) Whole 
cytoplasm || 


(A) Nuclei 
(B) Nuclei + 
swine serum 


(D) Rat 
serum 


Unabsorbed antisera § 


A: Nuclear extract 100 100 1000 10 100 10 
C; Defatted nu- 

clear extract 100 100 100 100 10 undil. 
Hemolysis** + ~ ? + + + 


Antisera absorbed with red cells 
Ai Nuclear 


extract 100 100 10 100 100 10 
Ci Defatted 
nuclear extract 100 10077 100 100 10 10 


Hemolysis** 0 0 0 0 0 0 


in which 0.9% saline was used for dilution in hemolysis ex- 
periments : thereafter the salt concentration was increased to 
10% for the test antigens. 

** Suspensions of red blood cells tested: 0.2, 0.33, 0.5, 1.0, 
and 2.0%. 

+7 Titer possibly higher, since this was highest dilution 
tested. 
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mg/ml) and the high concentration of cytoplasmic anti- 
gen (23.5 mg/ml), the titer for the latter was low. The 
presence of swine serum (which probably formed conju- 
gates with dissociated nucleic acid [5]), inereased the 
titers generally but did not change the basic relationships. 

Extracts of defatted nuclei gave titers similar to those 
obtained with whole nuclei except in the case of serum 
for which titers were low or completely negative. This, 
together with the titers shown by most of the antisera 
for defatted nuclear extracts, suggests that nuclear lipids 
are antigenically active. The situation is, however, by no 
means clear-cut, since antiserum (D) reacted to unusually 
high titer with defatted nuclear extract. Strict com- 
parison between antisera (A) and (C) is not warranted, 
since the defatted nuclei were not treated with 10% saline. 

Antirat serum showed highest titers with defatted 
nuclei (C,) and serum (D,). The low titer with whole 
nuclear extract does not conform to expectations unless we 
consider the low concentration of this test antigen. 

Anticytoplasmic sera (E, F) showed little or no activity 
for serum (D,) but gave unexpected high titers with 
nuclear extract (A,). These results suggest a high degree 
of resemblance between nuclear and cytoplasmic constitu- 
ents; in fact, the titers were as high as those obtained 
with antinuclear sera (A), and recall the numerous obser- 
vations indicating the passage of nuclear constituents into 
the eytoplasm (cf. 8). 

On the basis of complementariness (as well as the gen- 
eral chemical and enzymatie differences between nucleus 
and cytoplasm), we might expect antigenic specificity for 
both nucleus and cytoplasm. The results of absorption 
experiments are shown in Tables 2 and 3. Antinuclear 
sera absorbed with serum and cytoplasm retain essentially 
the same titers for nuclear extracts (Table 2). Anticyto- 
plasmie sera absorbed with either whole nuclear or de- 
fatted nuclear extract also retain their anticytoplasmic 
activity (Table 3). Serum apparently also shows anti- 
genic specificity distinct from that of the nucleus and 
cytoplasm, since anticytoplasm reacts very poorly or not 
at all with serum. However, this point was not tested 
directly. We should expect to find antiserum bodies 
which are nonreactive with liver cell constituents, since 
serum constituents are not exclusively of hepatie origin 
(e.g., pituitary factors, gonadal hormones, etc.). 

Nuclear, cytoplasmic, and serum specificity were fur- 
ther demonstrated by absorption with chicken red blood 
cells (Table 4). The antisera showed hemolytic activity 
shortly after they were obtained. The hemolytic activity 
was lost after storage for seven weeks in the cold and 
was not renewable by the addition of fresh guinea pig 
serum. Although this indicated the absence of hemo- 
lysins, the antisera were absorbed with a 4% suspension 
of fowl red blood cells. As shown in Table 4, the titers 
for nuclei, cytoplasm, and serum were little affected, with 
the exception of the antidefatted nuclear serum (C). 

We believe that nuclear specificity may have a sig- 
nificant bearing on theories of embryonic differentiation. 
If one could obtain all the products synthesized by liver 
cytoplasm, then on the basis of complementariness the eell 


products (P, in Fig. 1) should be able to combine with 
all antinuclear bodies. Our closest approach to an ex- 
periment like this was the absurption of antinuclear sera 
with both liver eytoplasm and serum (Table 2). This 
presumably provides all the products synthesized by liver 
cytoplasm, whether they retain an intracellular position 
or are extruded into the serum, with the possible exception 
of fibrinogen and other proteins possibly removed with 
the blood clot. The fact that such absorption left anti- 
body activity specifie for the nucleus suggests that some 
constituents of the liver nucleus are not concerned in 
synthesis. From the point of view of cellular differen- 
tiation it will be of interest to ascertain whether such 
nucleus-specifie antibodies also oceur in nuclei from other 
tissue, and if so whether or not they are identical. 

Earlier work on the antigenicity of nuclear constituents 
(reviewed in 6, 14) was based on extracts of whole tissues 
rather than on isolated nuclei, and in all probability in- 
volved higher degrees of denaturation and degradation 
than is produced by more recent methods. The results 
were conflicting both as to the antigenicity and specificity 
of nuclear constituents. The more recent work of Maculla 
(7) was also done on extracts of whole tissues, but some 
of her results (particularly on liver fractions) are in good 
agreement with corresponding portions of our data. Re- 
sults with other organs (e.g., lung and kidney) did not 
accord with those for liver. Arnesen et al. (1) did not 
find evidence of specificity as between nuclei and various 
cytoplasmie granules of the spleen. However, they util- 
ized the complement fixation method and whole nuclei, 
which made only the nuclear surface available for anti- 
body combination. 

Perhaps the essential phenomena brought out by the 
present study are: (1) on the basis of antibody titers cer- 
tain constituents of serum have a greater resemblance 
to certain nuclear constituents than to cytoplasmic eon- 
stituents; (2) similarly, nuclear constituents of the liver 
resemble serum more than they do liver cytoplasm; and 
(3) the nucleus and eytoplasm contain constituents (or 
determinants) distinct from one another, and from those 
in serum and on the surface of red blood cells of the same 
species. 
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Pyrolysis of Hydrocarbon Polymers 


S. L. Madorsky 
National Bureau of Standards, Washington, D. C. 


In some recent work at the National Bureau of Stand- 
ards, pyrolysis was carried out in a vacuum of about 10% 
mm Hg, and at temperatures ranging between 350° and 
450° C, on polystyrene (1), polyisobutene, polyisoprene, 
polybutadiene, GR-S (25% styrene), and polyethylene 
(2). A sample of the polymer weighing about 50 mg 
was spread as a layer about 40 u thick on a platinum tray 
and pyrolyzed in an evacuated Dewar-like apparatus by 
means of a platinum wire resistance furnace placed in- 
side the apparatus. The products of pyrolysis were frac- 
tionated to facilitate analysis of composition by the mass 
spectrometer, or determination of the average mclecular 
weight by a micromethod involving lowering of the freez- 
ing-point. The following fractions were obtained: 

I. A solid residue, difficultly soluble in benzene or 
cyclohexane. No analysis was made of the composition 
or average molecular weight of this fraction, except in 
the case of polystyrene, where the average molecular 
weight was found to be of the order of 2000-2500. 

II. A waxlike fraction volatile at the temperature of 
pyrolysis, but not volatile at room temperature. This 
fraction was quite soluble in benzene or cyclohexane and 
its average molecular weight was determined. No mass 
spectrometer analysis was made of this fraction. 

IIIB. A liquid fraction volatile at room temperature 
but not volatile at -75° C. No mass spectrometer analy- 
sis or molecular weight determination was made of this 
fraction. Its average molecular weight was estimated to 
be about 150 in all eases. 

IITA. A liquid fraction volatile at -75° C. Mass spec- 
trometer analysis of this fraction showed it to consist of 
the monomer and other compounds of a molecular weight 
less than that of the monomer or dimer. The average 
molecular weight could be calculated in this case from 
the data obtained in the mass spectrometer analysis. 

IV. A gaseous fraction volatile at —196°C. This 
fraction was analyzed in the mass spectrometer and was 
found to consist in all cases of CH,. 

Within the temperature range specified, the relative 
amvunts of the volatilized fractions and their average 


molecular weights for any polymer were found to be 
fairly constant, independent of temperature or extent of 
pyrolysis. The various fractions and their average mo- 
lecular weights are shown in Table 1 for five polymers 
and one copolymer, GR-S. The data in this table ean be 
used to calculate the number of ruptures of carbon to 
carbon links occurring in the macromolecular chain due 
to pyrolysis. In this caleulation it is assumed that the 
polymer consists of one very long chain, and a double 
bond is counted like an ordinary C-C link. 

Let Y; be the yield of any given fraction in weight 
percent of the total volatilized part and M; the average 
molecular weight of this fraction. Then the total num- 
ber of molecules, small or large, which is the same as the 
total number of ruptures, P, per 100 g of a given polymer, 
is given by the expression 
My 
where V is the Avogadro number. 

The total number P, of C-C links in the macromolecular 
chain in 100 g of any polymer can be obtained by divid- 
ing the weight of the polymer by the average molecular 
weight per carbon in the chain and multiplying by N. 
Thus, for example, in the case of polystyrene 


P=NS 


| 

| 
H lH JH ly H 

[ 
H H [| H 
{ I 


the average molecular weight per carbon in the chain is 
104/2 = 52, and the number of C-C links in 100 g is 


100xN 
= 1.923N 
Ratio RF of ruptured links P to original links P, ean then 
be expressed in percent. Thus, 
Px 100 
Po 


Table 2 shows values of P, P,, and R for five polymers 
and one copolymer. 
In the pyrolysis of hydrocarbons of ordinary molecular 


TABLE 1 


FRACTIONS OBTAINED IN THE PYROLYSIS OF SOME HYDROCARBON POLYMERS AND THEFR AVERAGE MOLECULAR WEIGHTS 


Waxslike II Liquid IIIB Liquid IIIA Gas IV 
Polymer 
%* mol. wt %* mol. wt %* mol. wt %* mol. wt 
Polystyrene 57.8 264 42.1 103.27 10 16 
Polyisobutene 68.3 5453 9.5 150 22.0 57.1 22 16 
Polyisoprene 88.7 577 5.6 150 5.7 68.5 02 16 
Polybutadiene 85.7 739 9.8 150 4.2 51.0 .30 16 
GR-S 88.0 712 7.9 150 3.9 47.9 19 16 
Polyethylene 96.6 692 2.3 150 1.1 53.1 trace 16 


* Percent of the total volatilized part. 


7 In the case of polystyrene, the fraction classed under IIIA was collected at room temperature. 
analysis showed it to consist of 95 mole % styrene and 5 mole % toluene. 


Mass spectrometer 
There was no IIIB fraction from this polymer. 
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TABLE 2 


PERCENT OF RupTuRED C-C LINKS IN THE 
TOTAL PYROLYZED PART* 


Original No. of nee 
Polymer No. of ruptured Po 

links Po links J’ % 
Polystyrene 1.923N7 .634N 33.0 
Poly‘sobutene 3.572N 588N 16.5 
Polyisoprene 5.882N -276N 4.7 
Polybutadiene 7.407N -283N 3.8 
GR-S 6.061N .270N 4.5 
Polyethylene 7.143N 175N 2.5 


* Caleulated for 100 g of the polymer. 
7 N= Avogadro's number. 


size, decomposition does not take place until a tempera- 
ture of about 800° C is reached. However, the introduc- 
tion of a small amount of free radicals into the system 
induces the rupture of C-C links to take place at tem- 
peratures-as low as 300° C (3). Since the hydrocarbon 
polymers discussed here decompose on heating at tem- 
peratures of 350°-450° C, it ean be assumed that here 
too decomposition is due to the presence of free radicals. 


TABLE 3 


DISTRIBUTION OF C-C LINK RupTURES BETWEEN SMALL 
AND LARGE MOLECULES* 


Monomeric type Intermediate and 


molecules large molecules 
Polymer — 
Fraction Fraction Fraction Fraction 

IIIA Iv II 

Jo %o Jo 
Polystyrene 64.6 8 a 34.6 
Polyisobutene 65.4 2.4 10.7 21.5 
Polyisoprene 30.1 0.5 15.4 56.0 
Polybutadiene 29.1 6.7 23.0 41.2 
GR-S 30.1 4.5 19.7 45.7 
Polyethylene 11.9 8.5 79.6 


* Calculated in percent of total number of ruptures. 


It is also assumed that the free radicals are the ends of 
the macromolecules, where rupture of C-C links to give 
molecules of monomer size may start. These free end 
radicais may in addition cause rupture of C-C links at 
some other points throughout the chain whenever they 
come up against these points at random. 

Three mechanisms of chain rupture can be visualized: 

1. Small fragments of monomeric size break away at 
the ends of a macromolecular chain until the residual 
fragment is small enough to escape into the gaseous phase 
at the temperature of pyrolysis. The products of pyroly- 
sis will consist mainly of small-sized molecules. 

2. The macromolecule breaks at random until frag- 
ments are sufficiently small to vaporize. In this mecha- 
nism the larger molecules, above the monomeric size, will 
predominate in the vaporized product. 

3. A combination of mechanisms 1 and 2 giving rise to 
a mixture of small and large molecules, the ratio of the 
two groups of fragments depending on the polymer. 

Table 3 shows the relative number of C-C ruptures due 


to monomeric type molecules (fractions IITA and IV) as 
compared with the number of ruptures due to medium- 
and large-sized molecules (fractions IIIB and IT), on 
the basis of R=R,=100. It ean be seen from this table 
that mechanism 1 predominates in the case of polystyrene 
and polyisobutene; mechanism 2 predominates in the 
ease of polyethylene; and mechanism 3 in the ease of the 
other polymers. 

Some experiments carried out in this laboratory on the 
pyrolysis of polymethylmethaerylate at 400° C showed 
that about 90% of the C-C link ruptures were due to the 
formation of the monomer. This, then, represents a case 
where ruptures of C-C links oceur almost exclusively at 
the ends of the macromolecular chains. 


References 


1. Maporsky, S. L. and Straus, S. J. Res. Nat. Bur. Stand. 
1948, 40, 417; Ind. eng. Chem., 1948, 40, 848. 

2. Maporsky, S. L. et al. J. Res. Nat. Bur. Stand., 1949. 
42, 499. 

3. Rice, F. O. and Rice, K. K. The aliphatie free radicals. 
Baltimore: Johns Hopkins Press, 1935. 


Di-(p-chlorophenyl) methylcarbinol, 
a New Miticide* 


Oliver Grummitt* 
Western Reserve University, Cleveland 


In the course of a research program on synthetie or- 
ganic insecticides related to 1,1-di-(p-chlorophenyl) -2,2,2- 
trichloroethane (DDT), the di-(p-halopheny]) alkylearbi- 
nols (p-XC,H,).C(OH) R, showed high initial and residual 
toxicity to mites (5). This paper is a preliminary report 
on certain properties of this class of compounds. 

Miticides have become indispensable since the wide- 
spread use of DDT. DDT is not only ineffective against 
this class of agricultural pests, but it also promotes the 
growth of mites by destroying predatory insects. 

The di-(p-halopheny]l) alkylearbinols are unusual in the 
high specificity of their action. Although tests have been 
run against ‘a wide variety of insects, only mites are 
affected at practical levels of concentration. Red spiders, 
European red mites, two-spotted mites, and Pacifie mites 
ean be controlled. There is no plant damage under ordi- 
nary spraying conditions. The mode of action has not 
been definitely established, but these compounds appear 
to be contact poisons. 

Although exhaustive toxicity tests on laboratory ani- 
mals have not been run, prelimimary. results with the 
di-(p-chlorophenyl) methylearbinol on rats indieate acute 
and chronic toxicities which are not greater than DDT 
(4) and which subsequent study may show to be even 
lower. In the manufacture of pilot plant batches on a 


1U. S. Patent 2,430,586, November 11, 1947, R. F. Ruth- 
ruff, Oliver Grummitt, and B. C. Dickinson, assigned to the 
Sherwin-Williams Company, Cleveland, Ohio. 


2The writer wishes to acknowledge the financial support 
of the Sherwin-Williams Company, and the work of the fol- 
lowing collaborators on the chemical phase of this study: 
A. A. Arters, R. E. Blank, Jean Fick, D. M. Marsh, and J. A. 
Stearns. 
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tonnage scale, no harmful effects have been observed 
on plant personnel exposed over several months. 

The most important member of the class, because of its 
accessibility and cost, is di-(p-chlorophenyl) methylearbi- 
nol? (p-ClC,H,),C(OH)CH;, which was first made by 
Bergmann and Bondi in 1931 by the action of methylmag- 
nesium iodide on p,p’-dichlorobenzophenone (1, 3). It 
can also be made by other Grignard reactions such as the 
action of p-chlorophenylmagnesium bromide on ethyl ace- 
tate or on p-chloroacetophenone. The p,p’-dichlorobenzo- 
phenone, not available commercially, can be made by sev- 
eral Friedel-Crafts reactions, including chlorobenzene with 
carbon tetrachloride, with phosgene and, with p-chloro- 
benzoyl chloride. Oxidation of DDT ethyene, 1,1-di-(p- 
chloropheny]) -2,2-dichloroethylene, yields this ketone, a 
reaction which first showed the structure of DDT (7). 

Di-(p-chlorophenyl) methylearbinol is a colorless, erys- 
talline solid, melting at 69.5°-70.0° C. It cannot be 
vacuum-distilled at 1-mm pressure or vacuum-sublimed 
without decomposition. Thin films exposed to air at room 
temperature for 42 days volatilized less than 2%. It is 
insoluble in water, soluble in the common organic sol- 
vents, and most soluble in the polar type such as alcohols, 
ketones, etc. As a tertiary alcohol, this compound may 
be dehydrated to 1,1-di-(p-chlorophenyl) ethylene, mp 84°— 
86° C, by the prolonged action of heat above its melting 
point or by the catalytic action of strong acids in solu- 
tion. Oxidation of the carbinol yields p,p’-dichloroben- 
zophenone. Catalytic reduction yields 1,1-di-(p-chloro- 
phenyl) ethane. Typical alcohol derivatives such as ethers 
and esters are difficult to prepare because of the ease of 
dehydration and the sterically hindered alcohol group. 

Various analytical procedures for the carbinol and re- 
lated compounds have been developed. Traces of the 
earbinol may be estimated colorimetrically by nitration 
followed by treatment with alkali. The carbinol and its 
isomers are analyzed by measuring the water of dehydra- 
tion either by Karl Fischer titration or volumetrically, 
if large samples are taken. Quantitative oxidation of a 
mixture containing carbinols and the corresponding ethyl- 
enes and ketones in which the chlorine atoms are in the 
p,p’ and 0,p’ positions of the rings gives a mixture of 
p,p’ and o,p’-dichlorobenzophenones whose composition 
can be estimated from setting point-composition data. 
From water yield and oxidation results, concentration of 
the most active isomer, di-(p-chloropheny]) -methylearbi- 
nol, can be caleulated. Ultraviolet absorption spectra and 
setting point-composition diagrams are also useful in ana- 
lyzing mixtures of carbinol, ethylene, and ketone. 

From the preparation and testing of a number of 
derivatives and analogues of the di-(p-halophenyl) alkyl- 
carbinols, certain conclusions on the relation of structure 
to activity may be drawn. For maximum activity the ring 
halogen atoms are necessary. Isomeric carbinols with one 
or both of the halogens in the ortho position are much less 
active. The alkyl group, R in (p-ClC,H,),C(OH)R, may 
be methyl, ethyl, ete., or cycloalkyl such as cyclohexyl, but 
aryl or aralkyl groups such as phenyl and benzyl give com- 


® Sometimes abbreviated to DMC. Spraying compositions 
containing DMC have the trade-marked name of Dimite. 


pounds of lower activity. If the alcoholic group is shifted 
from the tertiary carbon atom, as in the isomeric B-f-di- 
(p-chloropheny]) ethanol, the miticidal activity is lost. 

The details of these properties, syntheses, and analyses 
will be published at a later date. 
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Localization of C1* in the Tissues of 
Mice after Administration of C14 
Methyl-labeled Glycine* 


Gcorge L. Nardi* 


Radiation Laboratory, 
University of California, Berkeley 


Carbon-labeled compounds offer a wide range of ex- 
perimental possibilities because of the ubiquity of carbon 
in living organisms. Because of its long half-life, C™ 
offers the additional advantage of an isotope that can be 
studied over long periods of time. However, this very 
fact has resulted in an understandable hesitation to use 
it, without more knowledge regarding the effects of pro- 
longed exposure of living tissues to radiation. It was 
felt that if the radioactivity were fairly evenly distrib- 
uted in the organism, the total dose could be so calculated 
as to keep the radiation to any one tissue or organ within 
a reasonably calculated safety margin. 

Bloom et al. (1), using BaC*O, or NaHC*O, injected 
intraperitoneally into young rats, showed by means of 
autoradiographs that activity tended to localize in bone 
and remain there long after soft tissues were no longer 
active, although the activity in various tissues was not 
directly weighed and measured, so that the residual ac- 
tivity in bone may have been extremely small. It was 
felt, therefore, that further work should be done to see if 
use of soluble compounds resulted in radioactivity local- 
izing in the bone. 

Glycine, labeled with C* in the methylene position, hav- 
ing an activity of 567,000 epm (4.57 e/mg) prepared by 
Ostwald (3) was injected into the tail veins of adult, 
male, strain A mice. Each animal was injected with 
1.728 mg of glycine*, a total activity of 1.08 x 10° epm. 
Fifteen animals were injected simultaneously and sacri- 
ficed at varying time intervals from 6 hr to 43 days. 
Some were sealed in glass metabolic cages so that activity 
measurements of breath, feces, and urine could be made. 
Combustions, plating, corrections, ete. were carried out 
as described by Calvin et al. (2). The moisture removed 
by vacuum desiccation (in order to obtain dry tissues) 

1The work described in this paper was sponsored by the 
Atomic Energy Commission. 


2While on leave from Massachusetts General Hospitai. 
Boston, Mass. Milton Fellow, Harvard University. 
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SPECFIC achviry OF MOUSE TISSUES FOLLOWING 
INJECTION OF LO6x COUNTS PER MNUTE OF 
(METHYL LABELED GIYCINE, C™H,NH,COOH) 
— 
2 
S 
TIME IN DAYS 
Fie. 1. 


was collected in a liquid nitrogen trap and subjected to 
wet combustion (4) to determine the presence of any vola- 
tile activity in two cases. Less than } epm was present 
in the entire sample, so it was felt reasonable to ignore 
this as a possible site of activity loss. Reid (5), using 
DL-tyrosine labeled with C* has also found negligible 
amounts of volatile activity in a similar procedure. 

The total activity of each tissue showed a steady drop 
over a period of time. After 43 days the total activity 
was only a fraction of 1% of the original injected activ- 
ity, and this was fairly evenly distributed in all the tis- 
sues examined. The individual tissues from the 43-day 
animal had a total activity of 0.81% of the injected dose. 


t 


EXCRETION RATE IN ENTIRE ORGANISM 
we = 100: 
ESTIMATED WHOLE BOOY CURVE 
=< 
z ™ 405 
T 
~ke 
bays 
2. 


The remaining carcass retained 4.73% of the original 
activity. Therefore 5.54% of the initial total injected 
dose was still present in the entire body after 43 days. 


Specific activity (epm/mg dry tissue) was also ealeu- 
lated for each tissue and corrected for the varying earbon 
content of each tissue, so as to make the values compa- 
rable. These values showed a steady drop, as can be seen 
in Fig. 1. Bone did not show any greater activity than 
any of the other tissues. (More complete and detailed 
data will be published in another article.) 

From this data, turnover rates were caleulated for 
each tissue and integrated into three components. If 
one averages the daily percent turnover of C* of each of 
these three components, the estimated average compo- 
nents for the entire organism may be plotted on a eurve 
from which the percent retention of injected C“ at any 
time may easily be seen. This is done in the curve in 
Fig. 2. At any one time the percent activity in the or- 
ganism will be the sum of the three components. 

C™ when injected into mice as methyl-labeled glycine is 
evenly distributed throughout the animal body. From 8% 
to 70% is lost as radioactive CO, in the breath in the first 
48 hr. After this time there is a slow but steady loss in 
the urine, feces, and breath, so that after 43 days only 
5.54% of the injected activity is present in the body, with 


an over-all biological half-time of 10.5 days. Turnover 
rates in all tissues are quite similar. 
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Rate of Disappearance of Prothrombin 
from the Circulation* 


Mario Stefanini? and Anthony V. Pisciotta 


Department of Biochemistry, Marquette University 
School of Medicine, Milwaukee 


The rate at which prothrombin disappears from the 
circulation could give important clues as to the signifi- 
cance and utilization of this substance in the body. The 
problem, however, has not received adequate attention in 
the literature, chiefly because of the technical difficulties 
met with in prothrombin determination. Warren and 
Rhoads (6), while investigating the formation of pro- 
thrombin by the liver, found that the prothrombin level 
dropped rapidly to about 20% in 10 hr and 10% in 16 hr, 
after total hepatectomy in dogs. Their data, unfortu- 
nately, are subject to criticism because, when the liver 
is removed, labile factor and prothrombin are depleted 
simultaneously (2); the prothrombin time expressing, 
therefore, the combined deficiency of both factors. Me- 
Ginty et al. (1), while studying the ability of purified 
beef prothrombin to restore the prothrombin level in di- 
eumarolized dogs, noticed that the injected prothrombin 
would progressively decrease and disappear within 2 or 
3 days. More analytical data were not given. 

New techniques for the study of the speed of disap- 
pearance of prothrombin from the circulation have now 
become available with the introduction of methods for 
direct determination of the concentration of prothrombin 
(5), and for simple preparation of concentrates of pro- 
thrombin (3). The problem was, therefore, investigated 
in rabbits, in which prothrombin concentration had been 
drastically depressed with dicumarol treatment. 

Five male rabbits of average size received daily 10 
mg/kg body wt of dicumarol in gum acacia suspension,* 
introduced in the stomach by intubation. After 5 days 
of treatment the prothrombin level of the animals was 
usually lower than 5% of normal, while the concentra- 
tion of the labile factor, determined with the method pre- 
viously described by Quick and Stefanini (4), appeared 
normal or slightly decreased. At this point, we injected 
intravenously in each rabbit a freshly prepared concen- 
trate of prothrombin, obtained from a volume of fresh 
oxalated rabbit plasma equal to that of the presumed 
plasma volume of the animal under investigation. For 
working purposes, this was considered equal to 5% of the 
body wt of the animal. No reaction or untoward effect 
was noticed. The prothrombin time was then determined 
in plasma obtained by centrifugation at 2000 rpm for 10 
min of oxalated blood collected from the central artery 


1This investigation was supported by a grant from the 
Division of Research Grants, National Institutes of Health. 

2 Present address: Blood Research Laboratories, Joseph 
Pratt Diagnostic Hospital, Boston, Mass. 

3In a mortar, 250 mg of dicumarol and 5 g of finely pul- 
verized acacia was added to 50 ml of distilled water and sus- 
pended by grinding carefully. One ml of the suspension con- 
tained, therefore, 5 mg of dicumarol. The suspension, well 
shaken before use, was kept in a refrigerator at 10° C. 


of the ear at various intervals after the injection (30 
min, and 1, 6, 12, 24, 36, 48, 60, and 72 hr). During this 
phase of the experiment the rabbits continued to receive 
5 mg of dicumarol per kg body wt daily to prevent any 
formation of prothrombin by the liver. The concentrate 
of prothrombin was prepared by the method of Quick 
and Stefanini (5), the only modification being that the 
final product was treated with 1/10 vol of full-strength 
thrombin to remove the fibrinogen still present, stored 
at 4° C for 1 hr, and then incubated in a water bath 
at 37° © for 30 min in order to inactivate any remain- 
ing thrombin. The prothrombin time was determined 


Prothrombin Concentration (%) 


Time In Hours 


Fic. 1. The rate of disappearance of prothrombin from the 
circulation following intravenous injection of a concentrate 
of prothrombin in dicumarolized rabbits. 


with the one-stage method of Quick (3) and its values 
were checked by determining the concentration of pro- 
thrombin directly with the technique described by Quick 
and Stefanini (5). The results of the two procedures 
usually agreed within +5%. 

The average findings of the five experiments are pre- 
sented in Fig. 1. Restoration of the prothrombin level 
to almost 100% of normal followed immediately the in- 
jection of the concentrate of prothrombin. About 50% 
of the prothrombin injected disappeared from the cireu- 
lation within the first 12 hr, and about 80% in 24 hr. 
From this time on, a slow depletion continued until the 
original level was again reached, 48 hr—60 hr after the 
injection. 

These findings show that prothrombin is promptly 
utilized or metabolized in the body, most of it disappear- 
ing from the circulation in the first 24 hr. The results 
also demonstrate that the concentrate of prothrombin 
prepared with the technique developed in our laboratory 
is capable of restoring to normal the prothrombin concen- 
tration of dicumarolized rabbits, in a definite quantita- 
tive relationship. 
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A New Improved Method for Determination 
of Prothrombin Levels in Blood? 


Anna Goldfeder, David Bloom, and Murray Weiner 


Cancer Research Laboratory, Department of Hospitals, and 
Department of Biology, New York University, 
New York City 


A previous communication by one of the authors (1) 
described a simplified and accurate procedure for blood 
cell counts and hemoglobin determinations which had been 
developed for experiments on mice. Its advantages over 
previous methods, namely, greater precision and increased 
saving of time, effort, and expense, have been stressed in 
a recent publication in which its clinical application was 
described (4). It differed from similar procedures in 
that it used calibrated capillary tubes instead of the 
conventional pipettes. The use of these tubes, in addi- 
tion to some technical adjustments, resulted in a reliable, 
practical method for the estimation of prothrombin ac- 
tivity. 

The procedure is as follows: Capillary tubes, prepared 
as described previously (1), are filled with a 2% solution 
of potassium oxalate which is evaporated to dryness in 
the oven. A suspension of rabbit lung thromboplastin? 
is prepared according to the Link-Shapiro modification of 
Quick’s method (2, 3), except that a stronger calcium 
chloride solution (0.125M), and whole blood, instead of 
plasma, are used. The blood is taken into tubes with dry 
rather than dissolved oxalate. Then 15 cu mm of the 


thromboplastin solution is placed on a clean glass slide. 


Fic. 1. Mouse holder, ‘capillary tube for blood 
samples, minute rubber bulb of the type used for smallpox 
vaccinations, stop watch, and glass slide on which the blood 
clot can be noted. 


A 5-cu-mm oxalated capillary tube is filled with blood 
from the mouse tail (see Fig. 1). The oxalated blood 


1 This method was developed during a tenure of grants ob- 
tained by the senior author from the National Cancer Insti- 
tute, U. S. Public Health Service, and from the Damon 
Runyon Fund. 

2A satisfactory commercial preparation is made by the 
Maltine Co. 


is quickly pressed out into the thromboplastin on the 
glass slide with the aid of a minute rubber bulb, of the 
type used for smallpox vaccinations (Fig. 1), and the 
blood and thromboplastin are mixed gently. The stop 
watch is started at the same instant that the blood is 
added to the thromboplastin. The mixture on the glass 
slide is drawn in and out of the capillary tube by gently 
pressing the rubber bulb, avoiding air bubbles. At each 
filling, the capillary tube is lifted up slightly to permit 
observation of the formation of the fibrin strand. The 
jatter can be noticed suddenly, giving a clearly defined 
end point of blood clotting. When it appears, the stop 
watch is instantly stopped and the time is noted. Table 
1 summarizes the results obtained by the use of this 
method on normal Swiss white mice. 


TABLE 1 
PROTHROMBIN LEVELS OF WHITE MICE, Swiss STRAIN 
Prothrombin 
time in sec: 
No. of ‘Temp. Devi- R 
tions = 
40 40 23 19 264 Single deter- 
minations 
9 20 26.5 20 32 249 2.5 Repeated de- 
terminations 
7 18 28.5 within 3 days, 


at 24-hr in- 
tervals 


The method has proved to be simple, reproducible, and 
economical. A major advantage is that the test ean be 
performed promptly and with small volumes (5 cu mm) 
of bluod, thus avoiding the necessity for venipuncture. 
In small species, such as mice, it permits repeated de- 
terminations on the same animal with only negligible 
trauma to the tip of the mouse tail and loss of only in- 
significant volumes of blood. In man, the method per- 
mits the bedside determination of prothrombin time from 
blood obtained by finger puncture. However, the method 
introduces two new variables which warrant considera- 
tion. 1) Since the method uses whole blood, subjects 
with low hematocrit values may have greater plasma vol- 
umes per aliquot of whole blood. 2) The test is per- 
formed at room temperature rather than in a constant 
temperature water bath. These factors may cause small 
but significant variations, which may be corrected or 
taken into account in problems ealling for greater ac- 
curacy. The relatively narrow range of average devia- 
tion indicates that the technique is sensitive and reliable. 
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Comments and Communications 


Chemistry in Postwar Europe 


As a result of the trip that one of my associates and I 
took to France, Switzerland, Germany, Holland, Denmark, 
Sweden, and England in the late spring and early summer 
of 1948 and, as a result of conversations with people in 
this country since our return, we have the impression that 
American chemists do not fully appreciate the amount of 
fine work that is being carried on in Europe today and the 
amount that was done even during the difficult years of 
the war when Europeans carried on research in the pure 
sciences and also in the field of the applied sciences aside 
from those of military import. 

In Switzerland, some outstanding work on the partial 
synthesis of several adrenal hormones was carried on in 
Basel in the laboratories of Thadeus Reichstein. Dr. 
Reichstein was born in Poland a little over 50 years 
ago. He was a student of the German chemist, Staud- 
inger. For a time he was on the faculty of the Tech- 
nische Hochschule in Zurich and is well known on this 
side of the Atlantic as a result of several visits to the 
U. S. Some excellent work on the steroids was carried 
on in his laboratory during the war. Those who are 
working in this field in the U. 8. were particularly inter- 
ested in his synthesis of dehydrocorticosterone in 1943. 
He also has done some very interesting work on the syn- 
thesis of glycosides, part of which was done in collabora- 
tion with his distinguished fellow countryman, D. L. 
Ruzicka, head of the Chemical Institute of the Technische 
Hochschule in Zurich. 

Prof. Ruzicka was born in Yugoslavia. He, too, was 
a student of Staudinger. He is particularly weli known 
for research on the chemistry of perfumes, such as musk, 
and has also done much work on organic compounds with 
large ring structures. His laboratory is well equipped 
and staffed. During the war he investigated the relation- 
ship between odor and chemical constitution and the con- 
stitution of iris root principles. 

In France, some exceptional work in the field of anti- 
histaminie and and antiallergic drugs resulted in the 
development of valuable antihistaminie products. 

We visited several French chemists, among them M. E. 
Fourneau, under whom the writer had carried on research 
in the Institut Pasteur more than 20 years ago. M. Four- 
neau, in his late 70’s last year, was still actively carrying 
on and directing research work. It was he who first syn- 
thesized the local anesthetic stovaine, and who developed 
one of the useful arsenicals, stovarsol, for the treatment 
of syphilis and amebie dysentery. He and his co-work- 
ers also determined the structure of the German secret 
medicinal agent Bayer 205, which was greatly publicized 
as an agent for the treatment of sleeping sickness in the 
years immediately after the first World War. It was in 
his laboratories that the value of sulfanilamide for the 
treatment of bacterial infections was first determined. 

M. Fourneau carried on research during the war in the 
field of synthetic medicinals. Among other things, he did 


some interesting work on choline compounds and on their 
remarkable blood pressure-lowering effects. Immediately 
after the war, amid the confusion and misunderstandings 
which followed the German occupation, he spent a few 
months in a French prison. Happily, before his recent 
death, he was able to resume work in a fine new laboratory 
with 10 or 12 scientifie assistants made available to him 
by one of the large chemical manufacturing companies of 
France. 

In Paris, some of the laboratories are not so modern as 
one finds in the better institutions in this country and in 
some places in Europe, but the laboratories in the rela- 
tively new Ecole Normale Supérieure are excellent. Fine 
research work is being carried out here under the direction 
of Profs. Vavon and DuPont. Also, fine research is in 
progress in the laboratories of the leading chemical and 
pharmaceutical concerns of France. 

In Germany, conditions for scientific work since the war 
have not been at all good. The best laboratories are 
probably those maintained in the large scientific insti- 
tutes of the big industries. The writer was particularly 
impressed by the research on synthetic antitubercular 
agents going on in Prof. Domagk’s laboratory in the 
former I. G. plant at Elberfeld. The laboratories of the 
former I. G. plant at Hoechst, too, seemed well equipped. 

There are also a few academic and institutional labora- 
tories carrying on interesting investigations in Germany, 
for example, that of E. R. Kuhn, head of the Kaiser- 
Wilhelm Institute in Heidelberg. He is well known for 
his work on the structure and synthesis of natural prod- 
ucts, such as riboflavin and the synthesis of vitamin B,. 
During the war he carried on research on antivitamins 
and some very interesting work on the effect of chemicals 
on the sex characteristics of cells. 

In Gottingen, an interesting new development was be- 
gun in 1947 by the joint American-British Military gov- 
ernments. It is a new scientific institution known as the 
Max Planck Institute for Scientific Research, with head- 
quarters in the former German Air Force laboratories, 
which were about to be destroyed by the British forces 
when the scientific representative of the British Military 
Government heard of it. He was able to prevent this 
destruction and, in cooperation with an American col- 
league carrying on similar work for the American govern- 
ment, succeeded in turning these laboratories into a place 
for peaceful scientific work by leading German scientists 
in Western Germany. 

The institute is headed by O. Hahn, who was formerly 
head of the Chemical Laboratory of the Kaiser-Wilhelm 
Institute in Berlin. The central laboratories are in 
Gottingen, but a number of other Max Planck Institutes 
are being, or have been, established in other parts of Ger- 
many, replacing those which were formerly known as 
Kaiser-Wilhelm Institutes. A concise account of scien- 
tific investigations in biology, chemistry, mathematics, 
physics, medicine, and earth sciences during the period 
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from May 1939 to May 1946, has recently appeared in 
the Fiat Review of German Science. 

One encounters more serious shortages in Germany than 
anywhere else in so-called Western Europe. In the first 
place, many of the scientific libraries were destroyed. In 
those still intact, there are practically no publications 
dating from any time since the beginning of World War 
II except those published in Germany. There is com- 
paratively little equipment left in the laboratories, and 
there is a great shortage of the chemicals required in lab- 
oratory study and research. 

From Germany, during the war, came some interesting 
new analgesic drugs, some of which have narcotic action 
similar to that of morphine. One of these, known as 
methadone in this country, is being used as a narcotic 
and as a substitute for morphine. Both in Germany and 
in Sweden new blood substitutes were found which have 
proved useful: periston, which was developed in Germany, 
and dextran, in Sweden. 

The main impression gathered in the Scandinavian 
countries was the excellence of the biochemical work, par: 
ticularly that in the field of enzymes, being done in the 
laboratories of such outstanding investigators as Linder- 
strom-Lang, Kalckar, Theorell, and Tiselius. This work 
was all made possible by use of some of the most modern 
physical and physicochemical techniques. 

In Sweden, a valuable new synthetic local anesthetic 
known as xylocaine was developed during the war years. 
We understand it will be introduced into use in this 
country shortly. 

Some interesting work in organic chemistry is being 
done in the Royal Institute of Technology in Stockholm. 
The laboratories are well planned and well equipped. The 
head of the Department of Organie Chemistry is H. Erdt- 
man, a one-time student of Sir Robert Robinson in Eng- 
land. He is doing some brilliant work on the structure 
of the chemical constituents of wood. He has recently 
found, for example, a number of products present in the 
heartwood of various trees which prevent its ready decay. 

From wartime England came two significant develop- 
ments in the field of medicinal chemistry. The most out- 
standing, of course, was penicillin. The second was the 
discovery of an entirely new type of antimalarial, known 
as paludrine. 

At present there are a number of famous laboratories 
where work is going on at full pace. This work may be 
judged as most outstanding by any standard. First men- 
tion will be made of the laboratories of Sir Robert Rob- 
inson, president of the Royal Society of Great Britain. 
Lady Robinson also is a chemist. Sir Robert paid a 
number of visits to the U. S. during the war years. Those 
of us who came in contact with him during that time 
grew to appreciate more than ever the vigorous clarity 
of his thinking and the originality of his approach to 
research problems. Sir Robert is well known for his work 
on the coloring matter of plants, the chemistry of peni- 
cillin, the structure of strychnine, the structure and syn- 


thesis of steroids, and studies in a number of other im- 
portant fields. He has a large staff of competent men 
working with him. 

Some of the leading scientists visited in England were 
R. A. Peters, head of biochemistry at Oxford University, 
Sir Ian Heilbron, head of the Department of Chemistry 
in Imperial College, and A. R. Todd, head of the Depart- 
ment of Chemistry, Cambridge University. 

Prof. Todd is one of the younger scientific leaders in 
England today. He was born in Scotland and studied 
under Barger and others at Edinburgh. He was tem- 
porarily on the faculty of the California Institute of 
Technology, but shortly before the war he accepted the 
position of head of the Chemistry Department at the Uni- 
versity of Manchester. He left his post during the later 
war years to become head of the Department of Chemistry 
at the University of Cambridge. Prof. Todd has done 
considerable work on the synthesis of vitamin B, and on 
the chemistry of Cannabis indica. Recently he has in- 
vestigated the structure and synthesis of nucleosides and 
nucleotides, including a classic synthesis of adenosine 
triphosphate, which was published recently in The Journal 
of the Chemical Society of Great Britain. 

We were delighted to learn the extent to which British 
chemical industry feels that it should depend upon sei- 
entific research for its future growth. For example, in 
Manchester we were shown plans for a great new phar- 
maceutical laboratory to be built for research in the 
pharmaceuticai and medicinal chemical field. 

As a result of the disruptions occasioned by the war, 
many of the scientific libraries in Europe do not contain 
recent publications from other parts of the world. Some 
of them contain little, if anything, beyond 1939-1940. 
Also, it is unfortunately true that many American scien- 
tific libraries have been unable to obtain scientific publi- 
cations that appeared in Europe during and since the war. 

One of our friends recently prepared a bibliography 
of all publications obtainable in this country on the med- 
ieal properties of one of the newer antibiotics. While in 
Switzerland, he learned that a bibliography on this new 
antibiotic had just appeared there. Much to his astonish- 
ment, he found.that there was comparatively little dupli- 
cation of references in the two bibliographies. The bib- 
liography prepared in this country contained American 
references largely, and the bibliography published in 
Europe consisted chiefly of European references. 

The gaps in the files of America’s scientific libraries 
would have been still greater if Switzerland had not acted 
for some time as a channel for the supply of European 
journals abroad. The system by which the U. S. Office 
of Alien Property Custodian, in the public interest, re- 
printed and distributed German scientific journals was 
also helpful. No such system seems to have prevailed in 
Europe, and henee their files are quite barren of wartime 
foreign journals. 

RANDOLPH T. Masor 
Merck § Co., Inc., Rahway, New Jersey 
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World of Life: A General Biology. Wolfgang F. Pauli. 
Boston 7: Houghton Mifflin, 1949, 653 pp. $5.00. 
Wolfgang Pauli’s new book The World of Life is de- 

signed to be a main reading source for a general biology 

course. As such it is quite original in its organization, 
being based on the view that a textbock benefits as much 
from an underlying thesis or a general principle to be 
expounded as does any other type of book. Usually we 
find in a biology textbook no continuous flow of ideas and 
no fundamental pattern except for whatever organization 
the subject matter may itself possess, so that we are ac- 
customed to such chapter headings as ‘‘ Protozoa,’’ ‘‘Co- 
elenterates,’’ ‘‘ Flatworms,’’ ‘‘ Mollusks,’’ and ‘‘ Arthro- 
pods.’’ Thus, the average textbook tends to be a com- 
pendium of data, observations, and hypotheses, and it 
leaves synthesis and organization to the student reader 
who, we may guess, will be so lost in the welter of detail 
as to lose sight of the forest for the trees. Happily, The 

World of Life does not share this tendency with the aver- 

age textbook with which we are familiar. 

The thesis of Dr. Pauli’s book is the evolution of living 
things. After setting the stage with Parts One and Two 
(‘‘Backgrounds: The Physical World,’’ and ‘‘The Na- 
ture of Life’’), the author discusses the principle of 
evolution in Part Three, and gives an evolutionary treat- 
ment of the plants in Part Four, and a similar treatment 
of the invertebrates and vertebrates in Parts Five and 
Six. In Part Seven he discusses the physical basis of he- 
redity (the ‘‘raw materials of evolution’’) and the im- 
plications genetics has for human survival and evolution. 
Woven into this pattern are the structural and functional 
aspects of the parts of the many organisms described in 
the book. 

The World of Life has several unfortunate aspects. 
Dr. Pauli, assuming that his general biology student may 
have no knowledge of chemistry and physics, tries to make 
up for this deficiency by offering an elementary review 
of general physics and chemistry in a futile section of 
eighteen pages. Consequently, he is forced to omit from 
consideration many important biplogical problems whose 
formulation and study require a more solid grasp of mod- 
ern physical and chemical principles and data. Among 
the fundamental problems that are either treated inade- 
quately or left out of the book are: autocatalysis; differ- 
entiation, growth and morphogenesis in terms of chemical 
changes; the relation between genes and metabolic proc- 
esses; the physicochemical nature of mutations; the in- 
tegration and coordination of metabolic events. Yet dis- 
cussions of these problems and the ways in which they are 
being attacked certainly belong in a college student’s 
main reading source in biology. 

Another serious defect of the book is its failure to in- 
struct in the scientific method. It has the style of a 
‘*Book of Knowledge,’’ too often asserting and present- 
ing the final story without indicating how such a story 
was developed. Opportunities are sadly missed to dem- 


Book Reviews 


onstrate the weeding-out of alternative hypotheses that 
explain given phenomena, and to differentiate between 
hypotheses that are meaningful and those that are not. 
Indicating how modern biologists have arrived at. their 
concepts would have made a wonderful lesson in the 
methods and aims of science. 

The student reader will also have to be guarded against 
such ineautious and hasty generalizations as: ‘‘It seems 
quite clear that particular genes determine the presence 
of the specific enzymes essential for the individual chemi- 
cal steps of metabolic processes’’ (italies mine); and 
again, in a caption to a figure showing various types of 
specialized cells in a multicellular organism: ‘‘ Each [of 
these cells] has the same kind of chromosomes, and hence 
the same genic components. ’’ 

What are serious faults in a book for a college course, 
making it probably unsuitable for use there, may be 
negligible in a book for senior high school or junior col- 
lege students. For them, the highly readable style, the 
attractive instructive format, and the illustrative material 
may well make up for such defects. 

ARNOLD W. RAVIN 
Columbia University 
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Research in Medical Science. David E. Green and W. 
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NEWS 
and Notes 


Maurice Goldhaber, professor of 
physies at the University of Illinois, 
has been appointed to the Depart- 
ment of Physics at Brookhaven Na- 
tional Laboratory where he will di- 
rect studies of the energy levels of 
atomic nuclei. Dr. Goldhaber’s wife, 
Gertrude Scharff-Goldhaber, will 
also join the Brookhaven staff. Her 
research has been with neutrons, 
photoneutrons, and disin- 
tegration. 


nuclear 


Maurice I. Smith, chief pharma- 
ecologist in the Publie Health 
Service, is retiring after 30 years of 
research at the National Institutes 
of Health and the Hygienic Labora- 
tory, its predecessor. His work there 
has ineluded studies on the assay of 
pituitary extracts, on B complex vi- 
tamins, on DDT and other insecti- 
cides, and on the chemotherapy of 
tuberculosis. 


Lewis K. Sweet has been ap- 
pointed chief of the newly estab- 
lished Clinical Unit of the Miero- 
biological Institute, National Insti- 
tutes of Health. Dr. Sweet has been 
chief medical officer at Gallinger 
Municipal Hospital in Washington, 
D. C., since 1938. 


Royal Merrill Frye, formerly of 
Boston University, has been ap- 
pointed professor of physics at Sim- 
mons College, Boston. Dr. Frye’s 
special field is spectroscopy, and he 
was in charge of gathering spec- 
trographic data at the Bikini atom 
bomb tests in 1946. 


John Salem Lockwood, professor 
of surgery at Columbia University, 
has been appointed clinical director 
and chief of surgical services at Me- 
morial Hospital for the Treatment 
of Cancer and Allied Diseases, New 
York City, to take charge July 1. 
Allen O. Whipple, present director 
of clinical activities, will give his 


‘full. time’ to supervising “educational 


work at the Memorial:Gancer. Center. 


Otto A. Reinking will retire April 
30 as professor of plant pathology 
and head of the division at New 
York State Agricultural- Experiment 
Station, Cornell University. He has 
accepted an appointment as an agri- 
culturist with the U. S. Depart- 
ment of Agriculture, Office of For- 
eign Agricultural Relations, and has 
been assigned as counselor in plant 
industry and plant pathology to 
the Philippine Government in Manila. 


Visitors to U. S. 


Ronald A. Fisher, statistician of 
the University of Cambridge, Eng- 
land, recently lectured at the Michel- 
son Laboratory, Naval Ordnance 
Test Station, Inyokern, California. 


Niels Bohr, physicist at the Uni- 
versity of Copenhagen, and J. T. 
Henderson, chief of the Electricity 
Section, National Research Council 
of Canada, Ottawa, were recent visit- 
ers at the National Bureau of Stand- 
ards. 


S. L. Tandon, lecturer in botany 
at the University of Delhi, has been 
appointed research assistant in bot- 
any at the State College of Wash- 
ington, Pullman, Washington. 


Grants and Awards 


A $52,500 Rockefeller Founda- 
tion grant has been given the Uni- 
versity of Michigan’s Research Cen- 
ter for Group Dynamies. Work to 
be done under the grant will be in 
developing methods for measuring 
factors that hold groups of persons 
together and studying the way ideas 
and information cireulate within a 
group. 


Recipients of the $1,000 Borden 
Awards for 1949 have been an- 
nounced by the professional and sci- 
entific organizations administering 
the awards, as follows: Association 
of American Medical Colleges—Ful- 
ler Albright, associate professor of 
medicine, Harvard Medical School, 
and physician, Massachusetts Gen- 
eral Hospital, for his work on the 
metabolism of bone and other tissues 
-and their relation to the renal and 
endocrine factors that control them; 


American Veterinary Medical Asso- 
ciation—Raymond R. Birch, profes- 
sor emeritus of veterinary research, 
New York State Veterinary College, 
Cornell University, for research on 
brucellosis; American Home Eeco- 
nomics _Association—Kate Daum, 
head of the Department of Nutrition, 
University Hospitals, and associate 
professor of dietetics, Department of 
Internal Medicine, College of Medi- 
cine, State University of Iowa, for 
studies on the iron metabolism of 
normal women; American Institute 
of Nutrition—Harry J. Deuel, Jr., 
dean of the Graduate School, Univer- 
sity of Southern California, for work 
on vitamin A and the nutritional 
value of fats; Ameriean Dairy Sci- 
ence Association—Francis J. Doan, 
professor of dairy manufacturing, 
Pennsylvania State College and Agri- 
cultural Experiment Station, for 
various researches on milk; Poultry 
Seience Association — Richard M. 
Fraps, physiologist, Bureau of Ani- 
mal Industry, Department of Agri- 
culture, for research on the physiol- 
ogy of avian reproduction; American 
Chemical Soeiety—George R. Green- 
bank, research chemist, Bureau of 
Dairy Industry, Department of Agri- 
culture, for various studies on milk 
and milk products; American Acad- 
emy of Pediatries—Alfred H. Wash- 
burn, director, Child Researeh Coun- 
eil of Denver, and professer of pe- 
diatries and chief of the Department 
for the Study of Human Growth, 
University of Colorado, for work on 
blood diseases in children, and hu- 
man growth and adaptation; Ameri- 
ean Dairy Seience Association— 
George H. Wise, head of animal nu- 
trition, Department of Animal In- 
dustry, North Carolina State College, 
for work on forages and the physiol- 
ogy of dairy calf nutrition. 


A Frederick Gardner Cottrell 
grant of $5,000 has been awarded 
by the Research Corporation to Ste- 
phen S. Friedland, of the Univer- 
sity of Connecticut, for investiga- 
tion of the mechanism of Geiger dis- 
eharge by means of mass speetrom- 
eter studies. 


The 1950 $1,000 award of the 
American Urological Association 
for research on the male reprodue- 
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tive tract will be present to Carl R. 
Moore, chairman of the Department 
of Zoology, University of Chicago, 
at the association’s annual meeting 
in Washington, D. C., May 29. 


Fellowships and Prizes 


The University of Massachu- 
setts, through the Lotta Crabtree 
Foundation, is offering two graduate 
fellowships in the field of agricul- 
ture. The fellowships, available an- 
nually, carry a stipend of $2,000 and 
cover tuition. They are open to 
qualified students working for the 
doctorate degree in some recognized 
phase of agriculture. Further infor- 
mation may be obtained from F. J. 
Sievers, director of the Graduate 
School, University of Massachusetts, 
Amherst. 


The National Paraplegia Foun- 
dation announces the establishment 
of a limited number of fellowships 
for research in spinal cord discase 
and trauma and in their associated 
complications. These fellowships 
carry a minimum stipend of $3,000 
per year and are open to any ean- 
didate who has demonstrated a ¢a- 
pacity for medical research and has 
outlined a program of meritorious 
study. The fellowships will be 
awarded by the Medical Advisory 
Committee during the academic year 
1950-51. Application forms may be 
obtained from L. W. Freeman, Chair- 
man, Medical Advisory Committee, 
National Paraplegia Foundation, 
Hotel La Salle, Chicago 2, and should 
be submitted not later than June 1. 


The fifth annual AAAS-George 
Westinghouse’ science writing 
competition for two awards of 
$1,000 each has been announced. 
One award will be made for the out- 
standing science news story pub- 
lished in 1950 by a newspaper or 
press association. The other award 
will go to the writer of the best ar- 
ticle on science published during the 
year in a nontechnical magazine. 
Entries will be judged on initiative, 
originality, scientific accuracy, and 
clarity of interpretation, and for 
their value in promoting a better un- 
derstanding of science by the public. 
The board of judges, representing 


science, the public, and the news 
and magazine writing crafts, will be 
announced later. The awards will be 
presented next December 28 in Cleve- 
land, Ohio, at the annual meeting of 
the AAAS, which administers the 
science writing competition. 

In the newspaper competition, en- 
tries submitted must have been pub- 
lished between October 1, 1949, and 
September 30, 1950; in the maga- 
zine field, entries must have been 
published in issues dated between 
October, 1949, and September, 1950, 
inclusive. All entries must be posted 
before midnight, October 8. 


The rules governing the newspaper 
competition require each entrant to 
submit three separate articles pub- 
lished during the contest year and 
to designate one of the three as the 
entry upon which he wishes to be 
judged. All three may have been 
published by the same newspaper or 
carried by the same press associa- 
tion. 

Entry blanks with detailed rules 
for the 1950 AAAS-George Westing- 
house science writing awards may 
be secured from Howard A. Meyer- 
hoff, Chairman, Managing Commit- 
tee, 1515 Massachusetts Avenue, 
N.W., Washington 5, D. C. 

The 1949 newspaper award went 
to Lester Grant of the New York 
Herald Tribune for his series on 
cancer, and the magazine award was 
presented to George W. Gray, a free- 
lance writer, for his article on the 
human brain, ‘‘The Great Ravelled 
Knot,’’ which appeared in the Sci- 
entific American. 

The awards are made possible by a 
grant from the Westinghouse Educa- 
tion Foundation. 


The Iowa State University Col- 
lege of Medicine is offering two 
fellowships in medicine to graduates 
of approved medical schools, on the 
basis of half-time teaching and half- 
time research in the Departments of 
Anatomy, Bacteriology, Biochemis- 
try, Pathology, Pharmacology, Physi- 
ology, and Hygiene and Public 
Health, including Parasitology. Can- 
didates need not have had clinical in- 
ternships. The salary will be $3,600 


on a 12-month basis for single ecandi- 
dates, and $4,000 for married candi- 
Applications should be sub- 


dates. 


mitted by May 1 to the Office of the 
Dean, College of Medicine, State 
University of Iowa, Iowa City, Iowa. 


Summer Programs 


A vertebrate zoology field course, 
conducted by W. Frank Blair, will 
be offered by the Department of Zool- 
ogy, University of Texas, June 7 to 
July 15, in the northwestern part of 
the Texas Panhandle. Work will in- 
clude ecological surveys, collection 
and identification of vertebrate spec- 
imens, and application of methods 
of measuring vertebrate home ranges 
and population densities. Independ- 
ent effort is encouraged, and stu- 
dents may work on problems of their 
own choice within the scope of the 
course. A major project will be the 
study of possible routes of vertebrate 
dispersal across the high plains. The 
course is open to male advanced un- 
dergraduate and graduate students 
in the biological sciences. Enroll- 
ment in the first semester of the uni- 
versity summer session and payment 
of a special field course fee of $40 
are required. Further information 
may be obtained from W. Frank 
Blair, University of Texas, Austin. 


The Fish and Wildlife Service 
of the Department of the Interior 
announces that laboratory space will 
again be available for summer re- 
searchers at its Beaufort Station in 
North Carolina. Guest investiga- 
tors will be furnished with large 
individual research bays in which to 
work, a skiff for local collecting, and 
sleeping accommodations. The sta- 
tion has aquaria tanks and fresh 
and salt water ponds. Facilities for 
radioisotope studies on nutrition or 
other physiological problems of in- 
vertebrates will be available to quali- 
fied investigators. 

Applicants will be chosen on tlhe 
basis of education, research experi- 
ence, and applicability of their re- 
search to fishery or related marine 
problems. The service is especially 
interested in having two investigators 
who will work on the physiology of 
the shad (Alosa sapidissima). Ap- 
plications and information may be 
obtained from Clinton E. Atkinson, 
Chief, Middle and South Atlantic 
Fishery Investigations, Fish and 
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Wildlife Service, Beaufort, North 
Carolina. Applications must be re- 
turned to the station by May 15, 
when a total ot eight investigators 
will be chosen. 


Industrial Laboratories 


David R. Sehwarz, of Schwarz 
Laboratories, Inc., New York City, 
left last month to spend six weeks 
in England, France, Belgium, Italy, 
and Switzerland, where he will study 
the increasing demand in Europe for 
some of the rare chemicals and phar- 
maceuticals now produced by 
Schwarz Laboratories, Inc. through 
its Fine Chemicals Division. Of 
special interest among these com- 
pounds are such fermentation inter- 
mediates as adenosine triphosphate, 
the phosphorylated sugars, and coen- 
zyme I. 


The Bjorksten Research Lab- 
oratories, specializing in technical 
development work for industry, have 
established an office in New York 
City, at 50 East 41st Street. The 
Chicago office of the laboratories will 
continue operations under the diree- 
tion of Edwin L. Gustus, vice presi- 
dent. Johan Bjorksten, president, 
will divide his time between the New 
York office and the research labora- 
tories of the corporation in Madison, 
Wisconsin. 


The Sterling-Winthrop Research 
Institute of Rensselaer, New York, 
is completing a new group of lab- 
oratories, including an underground 
unit, for research in organic chemis- 
try at various pressures. Other lab- 
oratories and the administrative cen- 
ter are completed and in operation. 
The new Chemical Development Lab- 
oratory will be officially dedicated 
May 17-18. It is to be under the 
direction of B. F. Tullar and E. D. 
Homilier. 


Meetings and Elections 


A symposium on the basic as- 
pects of radiation effects on liv- 
ing systems will be held at Oberlin 
College June 14-18. It was arranged 
by the Committee on Radiobiology 
of the National Research Council, 
and is intended to provide a thorough 


survey of radiation effects through 
five panel discussions of the con- 
tributing fields of research. 

The sessions and panel speakers 
are: ‘‘The Physical Processes In- 
volved in the Interaction of Radia- 
tion and Matter’’—H. M. Parker, 
R. D. Evans, Ugo Fano, C. A. Tobias, 
R. R. Wilson; ‘‘The Chemical 
Changes Resulting from the Absorp- 
tion of Radiation’’—James Franck, 
Milton Burton, Henry Eyring, Rob- 
ert Livingston, R. L. Platzmann; 
‘*The Biochemical Processes Result- 
ing from the Interaction of Radia- 
tion and Biological Tissues’’—E. S. 
G. Barron, W. M. Dale, Georg Hev- 
esy, M. D. Kamen, Raymond Latar- 
jet; ‘‘Cellular Changes and Effects 
Produced by Radiation’’—R. E. 
Zirkle, N. H. Giles, Alexander Hol- 
laender, H. J. Muller; and ‘‘ Effects 
of Radiation on the Whole Mam- 
malian Organism’’—A. M. Brues, 
D. R. Charles, T. C. Evans, H. B. 
Jones, and Shields Warren. Those 
interested in attending the sympos- 
ium should write to Dr. Harvey M. 
Patt, Argonne National Laboratory, 
P. O. Box 5207, Chicago 80 (not 
later than April 15). 


A symposium on application of 
spectroscopy in the petroleum in- 
dustry will be held May 16 at Ar- 
mour Research Foundation of Ili- 
nois Institute of Technology, under 
the sponsorship of the Chicago Chap- 
ter of the American Association of 
Spectrographers. 


The 31st annual session of the 
American College of Physicians 
will be held in Boston, April 17-21. 
Headquarters will be the Mecbanics 
Building, 111 Huntington Avenue, 
where general sessions and panel dis- 
cussions will be held and the techni- 
eal exhibit will be located. A new 
feature in the program will be color 
television clinies, in addition to the 
regular hospital elinies. 


A symposium on general cytol- 
ogy will be held May 1-2, under 
the sponsorship of the Departments 
of Bacteriology, Biological Science, 
Botany, Physiology, and Zoology at 
Michigan State College. The four 
speakers on the program are Franz 
Schrader, Columbia University, C. 
Leonard Huskins and Hans Ris, Uni- 


versity of Wisconsin, and William 
Doyle, University of Chicago. Fur- 
ther information can be obtained 
from Ralph W. Lewis, Department 
of Biological Seience, Michigan State 
College, East Lansing. 


The first meeting of the newly 
organized Histochemical Society 
was held at the University of Penn- 
sylvania Medieal School in Philadel- 
phia Mareh 24-25 and the following 
officers were elected: president, G. B. 
Wislocki, Harvard University; vice 
president, D. Glick, University of 
Minnesota; secretary, R. D. Lillie, 
National Institutes of Health; and 
treasurer, E. W. Dempsey, Harvard 
University. 


The National Science Founda- 
tion Bill, On March 27 the Senate 
formally requested a conference with 
the House of Representatives to re- 
solve the differences between the 
Senate and House National Science 
Foundation bills. Senate members 
of the conference committee are: El- 
bert D. Thomas, James E. Murray, 
Herbert H. Lehman, Robert A. Taft, 
and H. Alexander Smith. House 
conferees are J. Perey Priest, An- 
drew J. Biemiller, George H. Wil- 
son, Carl Hinshaw, and Joseph P. 
O’Hara. 

The following letter to Senator E. 
D. Thomas from Roger Adams, 
AAAS president, dated March 14, 
states the opinion of the Association 
on the loyalty amendment to the bill, 
introduced by Representative Heow- 
ard W. Smith: 


The scientists of the American As- 
sociation for the Advancement of Sci- 
ence, nearly forty-five thousand in num- 
ber, have been essentially unanimous 
in support of the National Science 
Foundation Bill. We have noted, how- 
ever that a very unfortunate amend- 
ment was attached to the Bill which 
reads as follows: 


No person shall be employed by _ the 
Foundation and no scholarship shall be 
awarded to any person by the Founda- 
tion unless and until the Federal 
Bureau of Investigation shall have in- 
vestigated such person and reported 
to the Foundation that such person is 
loyal to the United States, believes in 
our system of government and is not 
and has not been at any time a member 
of any organization declared subver- 
sive by the Attorney General or any 
organization that teaches or advocates 
the overthrow of the government by 
force or violence. 
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Speaking for the Association, I urge 
you to do everything possible to eli- 
minate this amendment. You realize 
that the Atomie Energy Commission 
has funds for the support of. scientific 
men who are working in the atomic 
energy field where secret information is 
involved. They must be and should 
be cleared by the -Federal Bureau of 
Investigation. The students who will 
benefit by the National Science Founda- 
tion Bill will not be working in re- 
search of a secret character and, there- 
fore, should not be required to submit 
to an FBI investigation. The amend- 
ment is worded so that any individual 
who might have been attached at any 
time to any organization which is now 
considered subversive by the Attorney 
General would be excluded from help 
under the National Science Foundation 
Bill. This is particularly objection- 
able since many organizations now con- 
sidered sub¥ersive were not considered 
so until recently. The amendment pro- 
vides that the Federal Bureau of In- 
vestigation has the final word and the 
individuel is not permitted to defend 
himself against unjust decisions. This 
amendment is even more rigid than 
that required of those who will have 
access to secret information. 


I trust that you will understand 
the point of view of the scientists in 
asking you to have this amendment 
eliminated. They are as interested as 
the congressmen protecting the 
United States against those who ad- 
vocate overthrow of our present govern- 
ment. They are opposed, however, to 
unnecessary procedures which inevit- 
ably will delay appointments of com- 
petent scientists for research work and 
to regulations which do not permit 
accusations to be open and publicized. 
The National Science Foundation 
should be given the authority of 
scrutinizing carefully the individuals 
who are appointed and if there is any 
doubt in their minds concerning the 
loyalty of the individuals the matter 
could be referred to the Federal Bureau 
of Investigation. 


Two new AAAS volumes will be 
published next month: Centennial, 
a collection of papers presented at 
the AAAS Centennial Celebration 
held in Washington, D. C., Septem- 
ber 13-17, 1948, and Brucellosis, 
papers read at the symposium spon- 
sored Jast September by the Na- 
tional Institutes of Health, the Na- 
tional Research Council, and the 
Department of Agriculture. 

Most of the symposium volumes 
published by the AAAS have been 
based upon special programs of its 
sections, its affiliated societies, and 
its Gordon Research conferences. In 
publishing the papers presented at 


the brucellosis symposium, the asso- 
ciation is extending its publishing 
interests to activities sponsored by 
other scentific organizations, thus 
furthering its objective of increasing 
public understanding of the work of 
scientists and their progress in spe- 
cifie fields. 

Members’ advance order prices 
are: Centennial (about 320 pages) 
$3.75; Brucellosis (about 308 pages) 
$2.75. Checks or money orders may 
be mailed to AAAS Publication, 
1515 Massachusetts Avenue, N.W., 
Washington 5, D. C. 


The Office of Naval Research 
Biological Sciences Division and 
the Atomic Energy Commission 
Division of Biology and Medicine 
have agreed to administer separately 
their former joint program of finan- 
cial support for research projects 
conducted by universities and other 
research institutions. Most of the 
projects concerned will continue to 
receive financial support from the 
AEC, and Navy-owned equipment 
will be maintained on loan at those 
institutions where continued interest 
exists. The decision, made at a re- 
cent conference of the two divisions, 
will enable the AEC to establish a 
closer working relationship with sci- 
entists in its field of interest, and will 
make it possible for the ONR to as- 
sist other areas of the biological sci- 
ences not as amply supported at 
present. 


A program for the eradication 
of yaws and syphilis in rural areas 
of the Latin American regions has 
been set up by the Pan American 
Sanitary Bureau, regional office of 
the World Health Organization, in 
collaboration with the UN Interna- 
tional Children’s Emergency Fund. 
Sacha Levitan, consultant on vene- 
real disease, and Adhemar Paoliello, 
an expert in mass treatment of popu- 
lations, are now in Haiti making a 
survey of available facilities, and 
will assist in the operation of the 
project. The program for total 
elimination of these diseases will be 
carried out through mass procedures 
for diagnosis and treatment, estab- 
lishment of permanent treatment dis- 
pensaries and mobile units, and or- 
ganization of a system of ease find- 
ing through home visits. It is 


planned to extend the campaign to 
the Dominican Republie soon. 

The PASB is also sending Fed- 
erico Gomez, consultant in maternal 
and child health, on a four-month 
trip through Latin America to gather 
information for a health-program: to 
reduce infant mortality in those 
countries. 


The Museum of Zoology of the 
University of Michigan has received 
a collection of study skins of birds 
of Canada and the U. S., collected 
by the late Max M. Peet. The eol- 
lection of 30,000 specimens includes 
examples of many rare or extinct 
species—for example, the only two 
known specimens of Sutton’s War- 
bler. 


Make Plans for— 


Association of Southeastern Biol- 
ogists, annual meeting, April 7-8, 
University of Virginia, Charlottes- 
ville, Virginia. 


American Association of Path- 
ologists and Bacteriologists, annual 
meeting, April 14-15, Madison, Wis- 
consin. 


American College of Physicians 
and Surgeons, annual meeting, 
April 17-21, Boston, Massachusetts. 


Federation of American Societies 
for Experimental Biology, annual 
meeting, April 17-21, Atlantic City, 
New Jersey. 


Electrochemical Society, annual 
meeting, April 19-22, Hotel Statler, 
Cleveland, Ohio. 


Third World Health Assembly, 
opening, May 8, Geneva, Switzer- 
land. 


International Symposium on Use 
of Chloramphenicol, June 3-35, 
Milan, Italy. 


Nutrition Conference, UN Food 
and Agriculture Organization, 
June 5-15, Rio de Janeiro, Brazil. 


International Ornithological 
Congress, June 10-17, Uppsala, 
Sweden. 


International Institute in Hospi- 
tal Organization, June 18-30, Rio 
de Janeiro, Brazil. 
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New Books and a New Edition 


ECONOMIC MINERAL DEPOSITS 


Second Edition. By ALAN M. BateMaN, Yale University. Presents a compre- 
hensive account of the mineral deposits, their occurrence, and form. The first 
part is devoted to a thorough but uncomplicated presentation of principles and 
processes. The remaining two sections treat metallic and non-metallic mineral 
deposits emphasizing the geologic phase of the subject. Statistics are largely 
eliminated to prevent the book from becoming outdated, but adequate references 
are given to yearly surveys. In this new edition, all hydrothermal processes of 
mineral formation are reorganized and consolidated. Ready in May. Approx. 885 
pages. 308 illus. Prob. $9.50. 


An INTRODUCTION to MATHEMATICAL 
PROBABILITY and ITS APPLICATIONS 


Volume I. By WiwtaM FELLER, Cornell University. Serves a dual purpose: it 
develops probability theory rigorously as a mathematical discipline and illustrates the 
great variety of practical problems with the modern techniques used in their solu- 
tion. The first volume is restricted to discrete sample spaces and random variables. 
A book in the WmeY MaTHEMaTICAL Statistics SERIES, Walter A. Shewhart, 
Editor. Ready in June. Approx. 419 pages. Illus. Prob. $7.00. 


The TRANSMISSION of NERVE IMPULSES 
at NEUROEFFECTOR JUNCTIONS 
and PERIPHERAL SYNAPSES 


By Arturo RosENBLUETH, Instituto Nacional de Cardiologia de México, Presents 
in systematic form the knowledge of chemical transmission at the junctions of 
motor nerves with striated muscles and at the synapses in autonomic ganglia. It 
provides the first comprehensive review and criticism of the evidence which leads 
to the important inference that acetylcholine is the chemical mediator at auotonomic 
ganglia and neuromuscular junctions. A TECHNOLOGY Press Book. Ready in 
August. Approx. 286 pages. Illus. Prob. $6.00. 


HETEROCYCLIC COMPOUNDS 


Volume I. Edited by R. C. ExperrieLp, Columbia University. Deals with the 
chemistry of monocyclic heterocycles containing one oxygen, sulfur, and nitrogen 
atom. The authors offer the latest information on these compounds plus a critical 
evaluation of the published data. Stress is cn the chemical principles involved 
in the syntheses and reactions. Extensive references are given. April. 703 pages. 
$11.00. 


Send for copies on approval. 


JOHN WILEY & SONS, Inc. 
440 Fourth Avenue New York 16, N. Y. 
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OUTSTANDING BOOKS IN PHYSICS 
Published 1946-50 


Acoustica: Designing in Architecture 
By Vern O. Knudsen, University of California at Los Angeles, and Cyril M. Harris, Bell 
Telephone Laboratories. 1950. 457 pages. 193 illus. $7.50. 


Foundations of Modern Physics 
Second Edition. By Thomas B. Brown, George Washington University. 1949. 391 pages. 
184 illus. $5.00. 


Industrial Rheology and Rheological Structures 
By the late Henry Green. 1949. 311 pages. Illus. $5.50. 


The Structure of Matter 
By Francis Owen Rice, The Catholic University of America, and Edward Teller, University of 
Chicago. A book in the Structure of Matter Series, Maria Goeppert Mayer, Advisory Editor. 
1949. 361 pages. Illus. $5.00. 


Microwaves and Radar Electronics 
By Ernest C. Pollard and Julian M. Sturtevant, both Yale University. 1948. 426 pages. 195 
illus. $5.00. 


An Introduction to Color 
By Ralph M. Evans, Eastman Kodak Company. 1948. 340 double column pages. 305 illus. 
15 color plates. $6.00. 


Atomic Energy 
By Karl K. Darrow, Bell Telephone Laboratories. 1948. 80 pages. Illus. $2.00. 


An Introduction to the Physics of Metals and Alloys 
By W. Boas, Council for Scientific and Industrial Research, Australia. 1948. 193 pages. 95 
illus. $3.50. 


Cybernetics 
or Control and Communication in the Animal and the Machine. By Norbert Wiener, The 
Massachusetts Institute of Technology. A Technology Press Book. 1948. 194 pages. $3.00. 


Physics for Students of Science and Engineering 
By William H. Michener, Allegheny College. 1947. 646 pages. 524 illus. $4.25. 


Fundamentals of Electricity and Magnetism 
Third Edicion. By Leonard B. Loeb, University of California. 1947. 669 pages. 273 illus. 
$6.00. 


Photography by Infrared 
Its Principles and Applications. Second Edition. By Walter Clark, Eastman Kodak Company. 
1946. 472 pages. Illus. $6.00. 


The Path of Science 


By C. E. Kenneth Mees, Eastman Kodak Company. 1946. 250 pages. $3.00. 


Send for copies on approval. See page 11 for current and forthcoming books. 


JOHN WILEY & SONS, Inc. 
440 Fourth Avenue New York 16, N. Y. 
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OUTSTANDING BOOKS IN PHYSICS 
Published 1946-50 


An Introduction to Luminescence of Solids 
By Humboldt W. Leverenz, R. C. A. Laboratories Division. A book in the Structure of 
Matter Series, Maria Goeppert Mayer, Advisory Editor. 1950. 569 pages. 172 illus. $12.00. 


Introduction to Theoretical and Experimental Optics 
By Joseph Valasek, University of Minnesota. 1949. 454 pages. 218 illus. $6.50. 


Acoustic Measurements 
By Leo L. Beranek, The Massachusetts Institute of Technology. 1949. 914 pages. Illus. $7.00. 


Giant Brains 
or Machines That Think. By Edmund Callis Berkeley, Consultant in Modern Technology. 
1949. 270 pages. Illus. $4.00. 


Heat 
By the late Archie G. Worthing and David Halliday, University of Pittsburgh. 1948. 522 
pages. 245 illus. $6.00. 


Preparation and Characteristics of Solid Luminescent Materials 
Edited by Gorton R. Fonda, General Electric Company, and Frederick Seitz, University of 
Illinois. 1948. 459 pages. 210 illus. $6.00. 


Techniques in Experimental Electronics 
By Charles H. Bachman, Syracuse University. 1948. 252 pages. 128 illus. $3.50. 


Fundamentals of Photographic Theory 
By Thomas H. James and George C. Higgins, both of the Eastman Kodak Company Research 
Laboratories. 1948. 286 pages. 106 illus. $3.50. 


College Physics 
Third Edition. By John A. Eldridge, State University of Iowa. 1947. 720 pages. 511 
illus. $4.50. 


Elementary Nuclear Theory 
A Short Course on Selected Topics. By H. A. Bethe, Cornell University. 1947. 147 pages. 
Illus. $2.50. 


German Research in World War II 


By Leslie E. Simon, Aberdeen Proving Grourd, Maryland. 1947. 218 pages. 73 illus. $4.00. 


High Vacuum Technique 
Theory, Practice, Industrial Applications and Properties of Materials. Second Edition, Revised 
Printing. By J. Yarwood, South East Essex Technical College. 1946. 140 pages. 90 illus. 
$2.75. 


Send for copies on approval. See page 11 for current and forthcoming books. 


JOHN WILEY & SONS, Inc. 
440 Fourth Avenue New York 16, N. Y. 
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Tllustrated is one of several centrifuges 
refrigerated by Sub-Zero Freezer Co., and 
now in use at the University of Wisconsin. 
A partial list of the many institutions now 
using centrifuges refrigerated by Sub-Zero 
includes: Enzyme Institute, Univ. of Wis.; 


SUB-ZERO FREEZER CO., INC. 


MADISON, WISCONSIN, U.S.A. 


Your CENTRIFUGE 
REFRIGERATED 


Economically—Without Delay 


Here’s a new service designed to save 
money and time in providing refrigerated 
centrifuges in research laboratories. The 
centrifuge now being used in your labora- 
tory will be enclosed in a modern, enamel- 
finished aluminum cabinet, and refrigerated 
with an efficient cooling unit. Priced to cut 
hundreds of dollars off the usual price of a 
refrigerated centrifuge. You ship your cen- 
trifuge to our plant ... we will return it 
in a surprisingly short time, completely re- 
frigerated. Write for additional informa- 
tion on this service and other special appli- 
cations. 


MeArdle Memorial, Univ. of Wis.; Dept. of 
Radio Biology and Biophysics, Univ. of Chi- 
cago; Medical Center, Univ. of Colorado; 
Belleview Medical Center, New York; Ar- 
goune National Lab., Chicago; Univ. of Illi- 
nois; Jefferson Medical College, Philadelphia. 


SPECIAL 
PRODUCTS 


NUTRITIONAL 


Contains wide range of 


NUTRITIONAL RESEARCH PRODUCTS 


BIOLOGICAL TEST DIETS 
TEST DIET INGREDIENTS 
VITAMINS (CRYSTALLINE) 
AMINO ACIDS (CRYSTALLINE) 
MICROBIOLOGICAL MEDIA 
VITAMIN SUPPLEMENTS 
RESEARCH BIOCHEMICALS 
CAROTENE CONCENTRATES 


GENERAL BIOCHEMICALS, INC. 


60 Laboratory Park, CHAGRIN FALLS, OHIO 


COMPARE THE EDGES. Photomicrograph 
(a) shows a microtome knife edge shar- 
pened by the Berkeley sharpener. Note 
its even smoothness, assurance of better 
sections. Photomicrograph (4) shows a 
blade laboriously hand sharpened, honed 
and stropped, but noté the nicks and 
serrations still remaining. 


COMPARE THE TIME. In tests, wherever made, and in prac- 
tice in hundreds of laboratories, the Berkeley Microtome 
Knife Sharpener gives perfect edges in one-third the time 
required for hand honing and stropping. 


Let us send you Bulletin MKS-12 giving full information 
about this indispensable laboratory aid. 


Scientific Company 


SIXTH AND NEVIN AVE RICHMOND, CALIFORNIA 
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HUMAN BRAIN MODEL 


Twice Enlarged 
Made of “Everlasting” Rubber Composition 


| 9 or into three parts, with ac- 
curacy stressed in every detail. One of 
our new models, suitable for courses in 
Biology, Anatomy, Psychology, etc. 

In model LMF439 details are fluo- 
resced so that when used with black 
light the effect is startling, both visually 
and pedagogically. 


¢% “everlasting” rubber composition, made in accordance with a special formula, actually re- 
volutionizes the manufacture of biological models. The fear of breakage is eliminated. Once 
used in your courses, no others will serve satisfactorily. 


LM 439 Human Brain, 2x. Dissectible into 3 parts -_—=«-_—i. _. $39.50 
LMF439 Human Brain, 2x. With detailed parts fluoresced _.. 48.50 
B N “Everlasting” wa Ask for Cat. No. 7J 
NEW YORK SCIENTIFIC SUPPLY CO. 
28 West 30th Street New York 1, N. Y. 


KLETT 
ELECTROPHORESIS 


CUSTOM MADE 


TOOL FOR THE ANALYSIS 
OF COMPLEX COLLOID SYSTEMS, AND FOR 
THE CONTROL OF PRODUCTION OF 

PURIFIED PROTEINS, ENZYMES, HORMONES 


KLETT MANUFACTURING CO. 
179 EAST 87th STREET 
NEW YORK, N. Y. 
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WONDERFUL RECORDINGS 
OF WILD LIFE VOICES 


ta 
North 
American 
Bird Songs 


RECORDED BY THE ALBERT R. BRAND BIRD SONG 
FOUNDATION, LABORATORY OF ORNITHOLOGY, 
CORNELL UNIVERSITY 
@ These recordings, made in the birds’ natural 
habitat, bring the bird songs of America’s 
woods, gardens, fields and prairies to your arm- 
chair. Six ten-inch vinylite records, twelve 

sides, in an attractive album. 
“This album will be of immencze inter- 


est and value to every bird lover.” 
—Science Review 


$8.50 POSTPAID 


Voices of the Night 


THE CALLS OF 26 FROGS AND TOADS FOUND IN 
EASTERN NORTH AMERICA 

@ Herpetologists, ornithologists and nature en- 

thusiasts will want to own this unique a'bum 

of amphibian voices. Recorded by the Albert 

R. Brand Bird Song Foundation. This album 

contains four ten-inch vinylite records, eight 
sides. 

“The most novel product of the year.” 

—The New York Times 


$6.50 POSTPAID 


To COMSTOCK PUBLISHING COMPANY, INC. 
Dept. 4, 124 Roberts Place, Ithaca, New York 
Please send me ... albums of BIRD SONGS @ $8.50 each t 
of VOICES OF THE NIGHT @ $6.50 each, 
postpaid. 


Return guarantee: If I am in any way dissatisfied, I may re- 
turn the album within 10 days and my money will be refunded. I 


 UERE EZE-DRYING”’ 


PRESERVES 


SEND 


tail. 


for 
Catalog 455A 
the story of 
Stokes 
Freeze-Dry- 
ing equip- 
ment in 


PRODUCTS: 


REEZE-DRYING pre- 
serves labile sub- 
stances so they retain 
their original character- 
istics Over great periods 
of time, without impair- 
ing or nullifying their 
original properties. 
Freeze-Drying is the 
simplest method for 
Preserving sera, plasma, 
antibiotics, antitoxins, 
viruses, bacteria and 
other micro-organisms, 
vaccines, injectable vita- 
mins, hormones, enzymes, 
and other labile biologi- 
cals and pharmaceuticals. 
Stokes Freeze-Drying 
equipment for industrial, 
research and laboratory 
applications is complete, 
self-contained and easy 
to install. The Stokes 
Advisory Service can help 
on all freeze-drying prob- 
lems. 
F. J. STOKES MACHINE CO. 
5958 TABOR ROAD 
PHILADELPHIA 20, PA. 


F.J.STOKES MACHINE COMPANY 


RESEARCH... 


Translations 


World Wide Coverage 
Lowest Rates 


READERS 


and Menographs 
Any Foreign Language 


Photostats and Micro- 
films of Scientific and 
Technical Literature 


of Articles 
in 


SERVICE 


Box 4523 Washington 17, D. C. 

Organization @ Bibliography @ Reference 

Procurement @ Photocopying @ Translating 
Analysis 
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ELECTRIC COUNTER 


TYPE NR 
$5.75 Each 
(Lots of 10. 
Otherwise 
$6.25 singly) 


For automatic, high-speed counting, with local or 
remote control, by electrical or electronic impulses. 
@ Rapid ... 12 counts per second (maximum) 

720 counts per minute 
43,000 counts per hour 
@ Counts to 99,999 and repeats 
@ Tamper-proof, wholly enclosed, non-reset. 
Plastic window. 
@ Compact .. . only 3” x 2” x y-9/16” 
WRITE TODAY for detailed Bulletin NR-100. 
Shows how counting, timing, and flow measurements 
can be done accurately and inexpensively. 


(crrel] & (frel] New" 


PHOTOVOLT 


Electronic Photometer 
Mod. 512 with Photo-Multiplier 


microphotometric histo- 

chemistry and cytology 

by absorption measurements under the microscope 
Write for Bulletins #316 and 810 


PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N. Y. 


TO BE PUBLISHED IN JUNE 


A definitive treatise on the morphology, 
biochemistry, physiology, psychology, 
and medical aspects of calorie under- 
nutrition, cachexia, starvation, and re- 
habilitation in man. 


The BIOLOGY 
of HUMAN 
STARVATION 


By Ancel Keys, Josef Brozek, Austin Henschel, 
Olaf Mickelsen, Henry Longstreet Taylor, with 
the assistance of Ernst Simonson, Samuel Wells, 
Angie Sturgeon Skinner 


SYSTEMATIC and critical presentation of 
fact and theory from the world literature, in- 
cluding the evidence from World War II, and 
the findings of the Minnesota Starvation Experiment 
(1944-1946). The review of the literature covers 
pertinent experiments and field and clinical observa- 
tions to 1949. The Biology of Human Starvation is 
an integral treatise as well as an indispensable reference 


and source book. 


SPECIAL PRE-PUBLICATION OFFER, Order now and save 


The Biology of Human Starvation consists of two 
volumes, boxed, 7x10 inches, about 1360 large 
octavo pages, 50 chapters, 565 tables, 2400 bibli- 
ographical references, 150 figures. It is priced at 
$24.00 for the two volumes. However we are of- 
fering a prepublication price of $19.50, plus postage, 
on orders received before June 1, 1950. If your check 
is enclosed with your order we will pay the postage. 


Address: 


The University of Minnesota Press 
10 Nicholson Hall 
Minneapolis 14, Minn. 


| 
— 
| 
| 
: 
for 
| 
| 


18 SCIENCE 


April 7,°1950, Vol. 111 


Personnel Placement 


Personnel Placement 


POSITIONS WANTED 


POSITIONS OPEN 


Academic Position in Chemistry: desired by Organic- -Biochemist, 
Ph.D. (1943) with broad training in fundamental science, exten- 
sive teaching and administrative experience. Box 89, SCIE ~ 


Administrator—Microbiologist seeking directorship or similar posi- 
tion of control, research etc. in biological division of large or small 
pharmaceutical or food laboratories. Doctorate bacteriology, in- 
cluding pharmacy education. Experienced in administration, re- 
search, control and teaching in pharmaceutical field along line of 
biologicals, antibiotics and disinfectants. Box 93, SCIENCE. X 


PHARMACOLOGIST WANTED 
For on dicinal drugs by a long established 
ethical pharmaceutical manufacturer. 
To meet the needs of a age growing organization, we have 
an excellent opportunity for Ph.D., in Pharmacology (or 
related sciences) with recognized research ability and capacity 
for development both as a scientist and as an executive. 
3-5 years’ ow experience or equivalent in academic re- 


search preferre 
THE WM. S. *MERRELL COMPANY, CINCINNATI 15, OHIO 


Experienced in teach- 
fermentations, en- 
Aca- 

x 


Bacteriologist: Ph.D. Biochemistry minor. 
ing, medical and industrial research. Interests: 
zymes, metabolism, vitamins, antibiotics, history = science. 
dem‘> or research appointment. Box 88, SCIENCE 


Bacteriologist; Sc.D.; two years, bacteriologist and chemist, lage 
food manufacturing company; eight years’ teaching experience, 
four years as professor and head of department, state university; 
several years, director and charge control department of penicillin, 
biological manufacturing company; tur further_information, please 


write Burneice Larson, Medical Bureau, Palmolive Building, 
Chicago. x 
Bacteriologist: M.S. Experience with nutritional, assay, and 
bacterial aerosol techniques. Box 90, SCIENCE. x 


Biochemist: Doctor of Sciences, U. of Paris. Ten years of re- 
search work on cellular permeability and equilibrium studies, of in- 
terest for mode of action of narcotics and other drugs. Desires 
position or fellowship in biochemistry or general Physiology. Box 
91, VCE. 4/14 


Biochemist: Desires nonlaboratory position associated with research. 
Ph.D. Diversified interests and training (including food tech- 


nology). Several years technical editing for hea chemical pub- 
lication. Young man. Box 98, SCIENCE x 
Chemist: Ph.D. physical chemistry 1949. Minors inorganic and 
physics. Experience teaching a1. ‘d research. Desire academic 
position. Box 94, SCIENCE. x 


M.S., desires position with seed com- 
Three years experience with 
Box 96, 


Geneticist, Plant Breeder: 
pany or plant breeding program. 
small grains. Foreign assignments acceptable. 


Physiologist: Assistant Professor, Ph.D, or M.D., with experience 
in teaching and research. Initial maximum salary $3750.00 per 
annum. Apply Dean G. H. Ettinger, Medical Faculty, —. 
University, Kingston, Ontario. 4/14 


Positions Open: 
(a) Ph.D. in biochemistry, preferably with some of major work in 
nutrition; duties consist of conducting research on nutritional 
values of finished products and raw materials used in their manu- 
facture; research department, food industry. (b) Virologist; pref- 
erably D.; research project involving virology, large teaching 
hospital; laboratory staff of more than forty; university medical 
center; Middle West. (c) Bacteriologist qualified in immunology; 
D., experienced in control of biologicals, antibiotics and 
germicides; administrative ability required; one of leading pharma- 
ceutical industries. harmacologist; research pharmacologi- 
cal department, large pharmaceutical ee preferably one who 
has received Ph.D. in past five years. (e) Physicist; group clinic 
specializing in radiology; university medical center; West. (f) 
Assistant professor of pharmacy, instructor in pharmaceutical chem- 
istry and assistant professor or instructor in pharmacology; uni- 
versity college of pharmacy; expansion program; East. S4-2 
Burneice Larson, Medical Bureau, Palmolive Building, Chicago. X 


The Market Place 


TELL . YOUR SALES STORY to the more than 33,000 SCI- 
ENCE subscribers . . . a fertile market for your Scientific 

d Books, Services, or Supplies. 
= . this same responsive audience, as evidenced by the 
SELL increasing number of regular “Market Place” advertisers. 
. PROOF that SCIENCE advertising produces results! 


Write ps Rate Card 26E today—for more sales tomorrow! 


ENCE. 
Mathematician: M.S. (Physics), Ohio State. Desires academic 
position. Experience. Box 97, SCIENCE. x 


Ph.D, with several 
industrial position or 
Excellent 


Pharmaceutical Chemist: B.S. Pharmacy, 
years teaching experience. desires either 
academic position = research opportunities. 
Box 92, SCIENCE 


Physiologist: M.S. Cornell. Desires college teaching, or research 
position. Experience in both the teaching and research fields. 
Interest: metabolism and reproduction. Box 95, SCIENCE. X 


Vertebrate Zoologist, Geneticist, Animal Breeder : Unusually wide 
education and experience, both theory and practical application. 
M a equivalent Ph.D. Many publications. Box 86, =, 

4- 


POSITIONS OPEN 


Anatomist: Wanted. for summer teaching gross or microscopic. 
June 10 to August 5, $1,000 plus $100 travel. Reply Paul Roofe, 
Dept. of Anatomy, “Kansas University, Lawrence, Kansas. x 


The Defence Research Board of Canada offers five appointments 
for operational research on problems of defence at initial salaries 
of $2,580 to $6,300 dependent on qualifications. First appointment 
for one year, subsequently by three-year terms. Superannuation 
provisions. “Applicants with post- -graduate training in applied 
mathematics and mathematical statistics, biology, physical sci- 


ence, economics or engineering may obtain further information 
from: Director of Research Personnel, Defence Research Board, 
Ottawa, Ontario, Canada. 4/7-28 


Graduate Assistants: Bacteriology, half or quarter time for Sep- 
tember 1950. Stipend $1100 or $550, ten months. Master’s degree 
work balance of time. Excellent facilities. Bacteriology, Miami 
University, Oxford, Ohio. 2 


BOOKS 


Your sets and files of scientific journals 


are needed by our library and institutional customers. Please send 
us lists and description of errs files you are willing to self 
at high market prices. . CANNER AND COMPANY, 909 
Boyston Street, Boston 15, Massachusetts. tf 


WANTED TO PURCHASE: 
SCIENTIFIC ets 
Sets and runs, foreig 
SCIENTIFIC “BOOKS 
Entire libraries and smaller collections 
WALTER Jj. JOHNSON 
125 East 23rd Street. New York 10, N. Y. 


Send us your Lists o tf 
SCIENTIFIC BOOKS AND PERIODICALS 
which you have for sale. 
Complete libraries; sets and runs; and single titles are wanted. 
Iso please send us your want lists. 


STECHERT-HAFNER, INC., 31 East 10th Street, New York 3. 


BOTANICAL LIBRARY FOR SALE: The library of the late 
Alfred Rehder, containing 98 shelf-feet of books, periodicals, and 
pamphlets. Price $1800. Catalogue on request. RHARD 
REHDER, 62 Orchard Street, Jamaica Plain 30, Mass. R 4/21 


— YOUR PERIODICALS 


We need Complete Sets, Runs, Volumes and Single numbers. 

CASH IN on your periodical accumulations 
COLLEGE LIBRARY SERVICE @ Dept. A, Box 311, N. ¥. 3 
Also send us your list of wants 
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The Market Place 


The Market Place 


PROFESSIONAL SERVICES 


SUPPLIES AND EQUIPMENT 


Since 1885 


ALBERT 
TEACHERS 


25 E. Jackson Bivd., Chicago 4, Ill. 
MEMBER NATA 
Reliable and Discriminating 
Service to Colleges and Uni- 
versities of the Nation and 

their Personnel. 


AGENCY 
and COLLEGE 
BUREAU 


Dr. ALBERT REISSNER author and coworker of leading sci- 
entific editions and periodicals prepares scientific material for re- 
search and industry, abstracts, reviews and translates German, 
French, Italian and Spanish publications, etc. 694 East 40th 
Street, Brooklyn 10, New York. 4/7 


for 


@ MICROSCOPES 
@ MICROTOMES 
@ REFRACTOMETERS 


Equipment for Photomicrography 
Write to 


ERIC SOBOTKA CO. 


102 West 42d Street 
New York 18, N. Y. 


SPECIAL GLASS APPARATUS 


Our glass blowing department is available for special 
scientific and technical glass apparatus made to 
specifications and drawings. Inquiries invited. 
Estimates furnished. 

MACHLETT & SON 


| 218 East 23rd St. New York 10, N. Y. 


AMERIC AN Universities and Colleges throughout 
the United States continue their 
reat demand for recommendations 


COLLEGE for, those “rained inthe different 
BUREAU 


range from instructorships to heads 
28 E. Jackson Blvd. e 


of departments. 
Chicago 4, Ill. Our service is nation-wide. 


SUPPLIES AND EQUIPMENT 


98% Pure... 


(+) GLUTAMINE 


G & W Laboratories, Inc. 
370 Ocean Ave., Jersey City, N. J. 


DOUGHERTY CHEMICALS 
87-34 134th Street SODIUM. 
Richmond Hill 18, N. Y. PYRUVATE 


Phone: Jamaica 3-1880 


© HYPOPHYSECTOMIZED RATS 


sae to all points via Air Express 
For further information write 
8 E. 58th St. 


HORMONE ASSAY LABORATORIES, Inc. @ a. 37, Ill. 


@AMINO ACIDS e B EMICALS 

MICROBIOLOGICAL ASSAY MEDIA 
. M. CHEMICAL COMPANY, LTD. 

144 eau Havwortli Avenue Los Angeles 36, California 


TRANSPARENT BOXES 


Five Sizes: Maximum pre.ection and 

peggy for samples, small 

parts and other objects easily fost. 
Write for Leaflet TR-S 


R. P, CARGILLE 
116 Liberty St., New York 6, N. Y. 


White SWISS Mice 20c 


Rabbits, Cavies, Chickens, Ducks, Pigeons, Hamsters 
Write »- J. E. STOCKER «+ Ramsey, N. J. 


@ RARE 
COMMON 
Price list on Request 
e@ 461 Bloor St., W. 
Toronto, Canada 


STAINS 


STARKMAN Biological Laboratory 


All Amino Acids (natural, synthetic, unnatural). 
Rare Sugars, Biochemical Products, Reagents, New Pharma- 
ceuticals in stock. Write or phone PLaza 7-8171 for complete 
price list. 


WwW 
BIOS LABORATORIES, INC. Soh Strect, 


DOGS RATS RABBITS 
LABORATORY ANIMALS } CATS PIGEONS HAMSTERS 
Clean healthy well-fed MICE POULTRY GUINEA PIGS 


Guaranteed suitable for your needs. 


Reasonably priced—Dependable service 


animals 
JOHN C. LANDIS + Hagerstown, Md. 


QUARTZWARE 


for laboratory and industry 
A complete line of standard laboratory ware 
Also custom fabricating to meet your requirements. 
Write for particulars. 


THE PANRAY CORP. 


340 Canal Street, New York 13, N. Y. 


ANIMAL CAGES AND ACCESSORY 
EQUIPMENT 
ORDERS NOW ACCEPTED FOR EARLY DELIVERY 
HOELTGE BROS., Inc. 
1919 Gest St. Cincinnati 4, Ohio 
Write for Illustrated brochure 
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TECHNICAL ASSOCIATES 
PIONEER MANUFACTURERS OF RADIATION INSTRUMENTS 
3728 SAN FERNANDO ROAD, GLENDALE 4, CALIFORNIA 


STATHAM 
Manometer and Control Unit 


Illustrated above is a complete system for the re- 
cording of rapid pressure fluctuations in the ranges 
encountered in physiological research. We invite 
you to contact us for details of the Statham un- 
bonded strain gage manometer. 


LABORATORIES 


SCIENTIFIC INSTRUMENTS 
9328 Santa Monica Blvd., Beverly Hills, Calif. 


EKG 
or 
Recorder 


Inosine 
Cytidine 
Uridine 
Uridylic Acid 
L Alanine 
Xanthosine 


RESEARCH BIOCHEMICALS 
Biological & Microbiological 
INVESTIGATIONS 
TYPICAL NBCo PRODUCTS 
All Available for Immediate Delivery 


Write for Revised Catalogue S# 782 Listing 
a Complete Selection of Over 300 
Important Biochemicals 


NUTRITIONAL BIOCHEMICALS CORP. 
CLEVELAND 5, OHIG 


for 


Alpha Keto Glutaric Acid 
Ammonium Uridylate 
Desoxyribonucleic Acid 
Cytidine Sulphate 
Protamine Sulphate 

DL Homocystine 


-WINDOW 
| 
sampte | .N 
ON 
| 


Your answer to the problem 
_of nuclear demonstration 


A complete outfit for demonstrating and 
teaching the fundamentals of radioactivity 


@ The new Nuclear Classmaster is the first adequate answer to the growing need for 
classroom and platform demonstration equipment to be used in teaching the fundamentals 
of radioactivity. While the operation of a Geiger counter can be shown with any count- 
rate or scaling instrument, the Classmaster is provided with accessories which permit 
demonstration and study of all of the nuclear phenomena normally covered in elementary 
instruction. It also permits many characteristics to be measured or calculated quantitatively. 

The basic electronic instrument indicates each disintegration by a neon tube flash and 
an audible click. The rate of count is also shown plainly on a large easy-to-read meter. 
By the use of the calibrated mounting device’and the absorbers and radioactive sources 
provided, a complete set of experiments can be performed or the apparatus used for 
simple demonstration. A twenty-eight page instruction manual describes these experi- 
ments, both elementary enough for high school classes and comprehensive enough for 
students on the college level. 

The “Classmaster” is another of nuclear’s wide range of instruments to meet the 
many requirements of nuclear science. Write for full details today! 


nuclear INSTRUMENT & CHEMICAL CORPORATION 
223-233 West Erie Street + Chicago 10, Illinois Cable Address: “Nuclear” 


4. 
© Scaling Units for Every Type of Radiation Counting @ Glass Wall, Mica Window, and Windowless Counters on 
| Ul “PRECISION INSTRUMENTATION FOR NUCLEAR MEASUREMENTS” 


NEW, LOWER PRICED 


SPENCER 
Stereoscopic Microscope 


Here is a new instrument that offers all 
the time-tested advantages of AO Spencer 
_Stereoscopic Microscopes at a lower 
price. No. 20 Microscope retains the 
same wide, flat fields, enhanced stereo- 
scopic effect, comfortable vision, dust- 
proof nosepiece and gearing, 
and sturdy good looks that 
have made AO Spencer 
Stereoscopic Microscopes the 
tenders | in the field for many years. 


_ No. 20 Stereoscopic Microscope has the 
popular new platen stage with circular 
background plate. The satin-smooth 
black finish is easy to clean. Single, 
double or triple nosepieces are available. 
Focusing range is extended by locking 
the removable body in any of three posi- 
tions on the vertical slide. 


No. 21 Microscope is identical to No. 
20 except that it has a continuously ad- 
justable dovetail slide instead of the 3- 
position vertical adjustment. 


Prices Start at No. 20X illustrated with 1.0X and 2.0X 


$] 8900 paired objectives, 9X paired wide field 
— eyepieces, in cabinet. Price $249.00. 


See your AO Spencer Distributor or write Dept. D1. 


American © Optical 


INSTRUMENT DIVISION ¢ BUFFALO 15, NEW YORK: 


& \ + 


